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The present invention provides a nucleic acid sequence encoding a melanoma antigen recognized by T lymphocytes, designated 
MART- 1. This invention further relates to bioassays using the nucleic acid sequence, protein or antibodies of this invention to diagnose, 
assess or prognose a mammal afflicted with melanoma or metastata melanoma. This invention also provides immunogenic peptides derived 
from the MART-1 melanoma antigen and a second melanoma antigen designated gplOO. This invention further provides immunogenic 
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TITLE OF THE INVENTION 



MELANOMA ANTIGENS 



This application is a continuation-in-part of United 
States Patent application 08/231,565 filed on April 22, 
1994, which is herein incorporated by reference in its 
entirety, 

FIELD OF THE INVENTION 
This invention is in the field of prevention and 
treatment of human cancers. More specifically, this 
invention relates to genes encoding melanoma antigens 
recognized by T- Cells and their corresponding proteins and 
to preventative, diagnostic and therapeutic applications 
which employ these genes or proteins . 

BACKGROUND OF THE INVENTION 
Melanomas are aggressive, frequently metastatic 
tumors derived from either melanocytes or melanocyte 
related nevus cells ("Cellular and Molecular Immunology" 
20 (1991) (eds) Abbas A.K. , Lechtman, A.H., Pober, J.S.; W.B. 
Saunders Company, Philadelphia: pages 34 0-341) . Melanomas 
make up approximately three percent of all skin cancers 
and the worldwide increase in melanoma is unsurpassed by 
any other neoplasm with the exception of lung cancer in 
25 women ("Cellular and Molecular Immunology" (1991) (eds) 
Abbas, A.K., Lechtiman, A.H. , Pober, J.S.; W.B. Saunders 
Company Philadelphia pages: 340-342; Kirkwood and Agarwala 
(1993) Principles and Practice of Oncology 7:1-16). Even 
when melanoma is apparently localized to the skin, up to 
30 30% of the patients will develop systemic metastasis and 
the majority will die (Kirkwood and Agarwala (1993) 
Principles and Practice of Oncology 7:1-16). Classic 
modalities of treating melanoma include surgery, radiation 
and chemotherapy. In the past decade immunotherapy and 
35 gene therapy have emerged as new and promising methods for 
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treating melanoma. 
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when isolated, are capable of recognizing specific tumor 
antigens on autologous and allogeneic melanomas in an MHC 
restricted fashion. (Itoh, K. et al . (1986), Cancer Res . 
46: 3011-3017; Muul , L.M., et al . (1987), J . Immunol . 
138:989-995); Topalian, S.L., et al . , (1989) J . Immunol . 
142: 3714-3725; Darrow, T.L., et al . , (1989) J . Immunol . 
142: 3329-3335; Horn, 3.S., et al . , (1991) J. Immunother. 
10:153-164; Kawakami , Y. , et al., (1992) J. Immunol. 148: 
638-643; Horn, S.S., et al . , (1993) J. Immunother . 13:18- 
30; O'Neil, B.H., et al . , (1993) J . Immunol . 151: 1410- 
1418) . TIL from patients with metastatic melanoma 
recognize shared antigens including melanocyte -melanoma 
lineage specific tissue antigens in vitro (Kawakami, Y. p 
et al., (1993) J. Immunother. 14: 88-93; Anichini, A. et 
al., (1993) et al . , J. Exp. Med. 177: 989-998). Anti- 
melanoma T cells appear to be enriched in TIL probably as 
a consequence of clonal expansion and accumulation at the 
tumor site in vivo (Sensi, M. , et al . , (1993) J . Exp . Med . 
178:1231-1246) . The fact that many melanoma patients 
mount cellular and humoral responses against these tumors 
and that melanomas express both MHC antigens and tumor 
associated antigens (TAA) suggests that identification and 
characterization of additional melanoma antigens will be 
important for immunotherapy of patients with melanoma. 

Peripheral blood lymphocytes have been used to 
identify potential melanoma tumor antigens . Van Der 
Bruggen et al. (1991) Science 254: 1643-1647 has 
characterized a gene coding for a melanoma antigen, 
designated MAGE - 1 , using T cell clones established from 
the peripheral blood of patients who were repetitively 
immunized in vivo with mutagenized tumor cells. Cytotoxic 
T- cells derived from the peripheral blood lymphocytes of 
patients with melanoma were used to identify a potential 
antigenic peptide encoding MAGE- 1 (Traversari, C. , et al . 

(1992) J. Exp . Med. 17£ : 1453 - 1457 ) . Brichard et al . 

(1993) J . Exp . Med . 178:489-495 has also characterized a 
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MART- 1 protein, peptides or portions thereof. 

It is an object of this invention to provide methods 
of detecting the MART - 1 gene or MART - 1 mRNA in a 
biological sample. 

It is another object of this invention to provide 
methods of detecting the MART- 1 protein or peptides in a 
biological sample. 

It is an object of this invention to provide 
diagnostic methods for human disease, in particular for 
melanomas and metastatic melanomas. 

It is a further object of this invention to provide 
methods for prophylactic or therapeutic uses involving all 
or part of the nucleic acid sequence encoding MART-1 and 
its corresponding protein or peptides derived from the 
MART- 1 amino acid sequence. 

It is also an object of this invention to provide 
melanoma vaccines comprising all or part of the nucleic 
acid sequence encoding MART-1 or its corresponding protein 
for preventing or treating melanoma. 

It is a further object of this invention to provide 
immunogenic peptides derived from the MART-1 protein 
sequence for use in vaccines. 

It is yet another object of this invention to provide 
peptides derived from the MART-1 protein sequence which 
have been modified to increase their immunogenicity or 
enhance induction of antimelanoma immune response by 
enhancing their binding to MHC molecules, for use in the 
prophylactic or therapeutic methods described herein. 

In addition, it is another object of this invention 
to provide multivalent vaccines comprising all or part of 
the MART-1 nucleic acid sequence or its corresponding 
protein or peptides and at least one other immunogenic 
molecule capable of eliciting the production of antibodies 
in a mammal to melanoma antigens. 

It is another object of this invention to provide a 
method for preventing or treating melanoma utilizing all 
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or part of the MART-1 nucleic acid sequence or its 
corresponding protein in gene therapy protocols. 

It is a further object of this invention to provide 
immunogenic peptides derived from gplOO melanoma antigen 
protein sequences for use in vaccines. 

It is yet another object of this invention to provide 
peptides derived from gplOO melanoma antigen sequences 
which have been modified to increase their immunogenicity 
or enhance induction of antimelanoma immune response by 
enhancing binding to MHC molecules for use in the 
prophylactic and therapeutic methods described herein 

It is yet another object of this invention to provide 
a method of prophylactic or therapeutic immunization for 
melanoma using the vaccines described herein. 

It is a further object of this invention to provide a 
method of identifying melanoma antigens that would 
constitute potential targets for immunotherapy. 

It is yet another object of this invention to provide 
a method of identifying candidate immunogenic peptides 
derived from either the MART-1 or gplOO sequences for use 
in immunotherapy. 

DESCRIP TION OF THE FIGURES 
Figure 1 shows the nucleotide and predicted amino 
acid sequence of the cDNA encoding the MART-1 antigen. 
The hydrophobic region is underlined. 

Figures 2 and 2B show titration of MART- 1 n^n^o 
for recognition by TIL. T2 cells were incubated with 
varied concentrations of the purified MART-1 peptides, M9- 
1, M9-2, M9-3, M10-2, M10-3, M10-4 and M10-5, and lysis by 
TIL clone A42 (Figure 2A) or TIL line TIL1235 (Figure 
2B)was measured by 4h- 5l Cr release cytotoxicity assay at 
an E (EFFECTOR) :T (TARGET) ratio of 20:1 for A42 and 40:1 
for TIL1235. Peptide M9-2 sensitized T2 cells at a 
concentration of lng/ml . The purified peptide M10-4 was 
recognized by TIL1235, but not by A42 . (M9-1 |-|, 
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3 t-t , M10-4 |-| , M10-5 + - + ) . 

Figure 3A shows a radionuclide scan of patient 1200 
wxth metastatic melanoma after receiving the adoptive 
transfer of autologous -in labeled TIL1200. The arrow 
indicates one of the areas of TIL accumulation 
corresponding to a metastatic lesion in the left thigh 

Figure 3B shows regression of subcutaneous metastatic 
tumors following treatment with TIL1200 plus IL-2. 
Treatment began on day 0. 

Figures 4A and 4B show the nucleic acid sequence of 
the full length cDNA25. The start and stop codons are 
underlined. 

Figure 5A shows amino acid sequence of the full 
length CDNA25. The antigenic peptide is underlined. 

Figure 5B shows comparison of the amino acid sequence 
of the full length cDNA25 (cDNA25FL) , the truncated form 
of CDNA25 (CDNA25TR), ^117, ME20 and gpioo. (.indicates 
deletion; - indicates identity) . 

Figures^jBand 6C show northern blot analysis of 
melanoma (FiguTTeAT^nd 'neonatal melanocyte cell lines 
(Figure SB) and various f res h tissues (Figure 6C) do-20ug 
of total RNA) with a cDNA25 probe (the Sal I digested 
fragment of P CRIl-cDNA25) and the G-actin probe (Clontech) 
C32, 586mel melanoma cell lines and NHEM529 , NHEM530 
neonatal melanocyte cell lines were very weak positive 

Figures 7A-7B show the location of gpioo epitopes and 

tile DNA frarrmanf _r- 

= _ — J-ur epitope analysis and 

recognition by CTL. Figure 7A. Five DNA fragments (D3 
D5, D4, C4, 25TR) tested for epitope analysis are shown <- 

identical amino acid). Locations of the identified 
epitopes are underlined. Figure 7B. Recognition by CTL 
(620-1, 620-2, 660-1, 1143, 1200) of COS 7 cells 
transfected with each DNA fragment in pcDNA3 plasmid along 
with HLA-A2.1 cDNA by IFN-y secretion assays are shown ( + , 
recognized; -, not recognized). 

Figures 8A-8D show titration of gpioo epitopes by 
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sensitization of HLA-A2.1+ T2 cells for CTL lysis. Lysis 
of T2 cells preincubated with peptides was tested in a 4h 
5l Cr release cytotoxicity assay. Figure 8A, Lysis by 
TIL1200 of T2 cells incubated with G9 m (m) or G10 l34 (#). 
Figure 8B. Lysis by TIL620 of T2 cells incubated with 
G9 209 («) or G10 7QZ C) . Figure 8C. Lysis by TIL660-1 of T2 
cells incubated with G9 280 (") . Figure 8D. Lysis by 
TIL660-2 of T2 cells incubated with G10-5{«). 

DETAILED DESCRIPTION OF THE INVENTION 
For the purpose of a more complete understanding of 
the invention, the following definitions are described 
herein. Nucleic acid sequences includes, but is not 
limited to, DNA f RNA or cDNA. Nucleic acid sequence as 
used herein refers to an isolated and purified nucleic 
acid sequence. MART- 1 messenger RNA (mRNA) refers to one 
or more RNA transcripts which are a product of the MART- 1 
gene. Substantially homologous as used herein refers to 
substantial correspondence between the nucleic acid 
sequence of MART- 1 shown in Figure 1 (SEQ ID NO:l) and 
that of any other nucleic acid sequence. Substantially 
homologous means about 50-100% homologous homology, 
preferably by about 70-100% homology, and most preferably 
about 90-100% homology between the MART- 1 sequence and 
that of any other nucleic acid sequence. In addition, 
substantially homologous as used herein also refers to 
25 substantial correspondences between the amino acid 

sequence of the MART- 1 antigen shown in Figure 1 (SEQ ID 
NO: 2) and that of any other amino acid sequence. 

Major Histocompatibility Complex (MHC) is a generic 
designation meant to encompass the histo- compatibility 
antigen systems described in different species including 
the human leucocyte antigens (HLA) . 

The term melanoma includes, but is not limited to, 
melanomas, metastatic melanomas, melanomas derived from 
either melanocytes or melanocytes related nevus cells, 
35 melanocarcinomas , melanoepitheliomas , melanosarcomas , 
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melanoma (FAM-M) syndrome Such^L, aC Wical mole and 
, "used by. chromosot.1 ^Llr eT;;;^^ ~* 
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whole organs and portions thereof. Biological samples 
include, but are not limited to, tissues, primary cultures 
of mammalian tissues, biopsy specimens, pathology 
specimens, and necropsy specimens. Mammal includes but is 
not limited to, humans, monkeys, dogs, cats, mice, rats, 
pigs, cows, pigs, horses, sheep and goats. 

The present invention provides a nucleic acid 
sequence which encodes a novel melanoma antigen recognized 
by T cells. This novel melanoma antigen designated MART-l 
(melanoma antigen recognized by T -Cells- 1) . MART- 1 shows 
no significant homology to any known melanoma antigen and 
thus represents a new melanoma antigen. The MART- 1 
antigen contains a highly hydrophobic region from amino 
acids 27 to 4 7 (SEQ ID. N0:2) followed by three arginine 
residues, suggestive of a transmembrane protein. Although 
no significant homology exists to the entire protein there 
is a 27 amino acid segment (amino acids 57-83; SEQ ID. 
NO: 2) that is 37% identical to a Type II membrane protein 
previously recognized as mouse natural killer cell surface 
protein NKR-P1 (Yokoyama, W.M. , et al . (1991), J . Immunol . 
147:3229-3236). MART- 1 does not contain a leader sequence 
characteristic of many Type I membrane proteins (Singer, 
S.J. (1990) Annu. Rev. Cell Biol. 6: 247-296). 

MART- 1 RNA expression appears to be restricted to 
fresh and cultured melanoma and melanocyte cell lines and 
human retina; expression has not been found in any other 
fresh or cultured tissues or other tumor histologies 
tested. The cDNA sequence for MART-l is shown in Figure 1 
(SEQ ID NO:l) , the deduced amino acid sequence for the 
MART-l protein is also shown in Figure 1 (SEQ ID NO.:l). 

The nucleic acid sequence for MART-l shown in Figure 
1 (SEQ ID NO.:l), represents a preferred embodiment of the 
invention. It is, however, understood by one skilled in 
the art that due to the degeneracy of the genetic code 
variations in the cDNA sequence shown in Figure 1 (SEQ ID 
NO.:l) will still result in a DNA sequence capable of 
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encoding the procein antig< ^ Such ^ 

firth £UnCCi ° na1 ^ •quiv.l.nt to the sequence set 

forth a Figure 1 ,SEQ id N0 .:l, and are tended to be 
encompassed within the present invention. Further a 
person of s W ll in the art win understand that there are 
naturally occurring allelic variations in a given specie! 

x I T.7\LT eic acid ~ e sho - *» «*~~ 

™ N0..1), these variations are also intended to be 
encompassed by the present invention 

The predicted MART-i antigen is a 118 amino acid 
protein of about 13 (kdl th. < 

MftRT-1 Dr „„. invention further includes 

M«T 1 protein or peptides or analogs thereof having 
substantially the same function as the makt-1 antigen or 
Prot.» of this invention. Such proteins or polypeptides 
-elude, but are not lifted to. a fragment of t T 

tle ^; " 3 SUbStitUCi ° n - or deletion mutant of 

the pro tein. This invention also encompasses 

IZ JiZ " PSPtideS Chat ^ ^"-"-"y homologous to 

50 \Z h T i9en ' SUbSCantia1 ^ 1-01090U. means about 
50.100* homology, preferably about 70-100% homology, and 
most preferably about 90-100. homology between th Tha*" 1 

aminn , 9 " lnClUdSS any Polypeptide having an 

^7 reSidUS substantially identical to tL 

Tno J^""' ^"""y *»°™ herein (Figure 1; SEQ 
ID NO . 1) la whlch one or more residues have been 
conservatively substituted with a functionally similar 
residue and which rK e^-i 

MART i UX1C " unccional aspects of the 

MART-i antigen as described herein. Examples of 

conservative substitutions include the substitution of one 

non-polar (hydrophobic) residue such as isoleucine 

valine, leucine or methionine for another the 

substitution of one polar (hydrophilic , residue for 

another such as between arginine and lysine, between 

glutamme and asparagine. between glycine and serine the 

substitution of one basic residue such as l ysine , argin L e 
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or histidine for another, or the substitution of one 
acidic residue, such as aspartic acid or glutamic acid or 
another. 

The phrase 11 conservative substitution" also includes 
the use of a chemically derivatized residue in place of a 
non- derivatized residue. "Chemical derivative" refers to 
a subject polypeptide having one or more residues 
chemically derivatized by reaction of a functional side 
group. Examples of such derivatized molecules include for 
example, those molecules in which free amino groups have 
been derivatized to form amine hydrochlorides, p- toluene 
sulfonyl groups, carbobenzoxy groups, t- butyl oxycarbonyl 
groups, chloroacetyl groups or formyl groups. Free 
carboxyl groups may be derivatized to form salts, methyl 
and ethyl esters or other types of esters or hydrazides. 
Free hydroxyl groups may be derivatized to form O-acyl or 
O-alkyl derivatives. The imidazole nitrogen of histidine 
may be derivatized to form N- im-benzylhistidine . Also 
included as chemical derivatives are those proteins or 
peptides which contain one or more naturally- occurring 
amino acid derivatives of the twenty standard amino acids. 
For examples: 4 -hydroxyproline may be substituted for 
proline; 5 -hydroxy lysine may be substituted for lysine; 3- 
methylhistidine may be substituted for histidine; 
homoserine may be substituted for serine; and ornithine 
may be substituted for lysine. Proteins or polypeptides of 
the present invention also include any polypeptide having 
one or more additions and/or deletions or residues 
relative to the sequence of a polypeptide whose sequence 
is encoded is the DNA of MART - 1 , so long as the requisite 
activity is maintained. 

This invention also provides a recombinant DNA 
molecule comprising all or part of the MART - 1 nucleic acid 
sequence (SEQ ID NO: 1) and a vector. Expression vectors 
suitable for use in the present invention may comprise at 
least one expression control element operationally linked 
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to the nucleic acid sequence. The expression control 
elements are insert-pH ^ <-v,~ 01 
reo u i, f o lnMr " d ln the vector to control and 

regulate the expression of the nucleic acid sequence 
Kxamples of expression control elements include but are 
not l lmi ted to. lac system, operator and promoter r go ns 
Of Phage iambda. yeast promoters and promoters derive! 

prefe IT aden ° VirUS ' « ™- 

preferred or required operational elements include bur 

c Wlil further be understood that i-ho ™ 

21 "rar" T" in additi ° nal --ntTLtsaTr ° n 
the transfer and subsequent replication of f-„= 

vector containing the nucleic aci sequence in ST 
system. Ejemples o£ such . th host 

t will further be understood by one skilled in the art 
Chat such vectors are easily constructed using 
conventional methods (Ausubel et al.. ,„„, L "Current 

York. New York) or commercially available 

orca„ An ° ther aSPeCC ° f ChiS inVen tion elates to a host 
organism into whinh _ nosc 

. — ^^xucuic expression vector 

containing all or part of the MART- l nucleic acid . 
has been inserted Th. u nucleic acid sequence 

MART 1 nu * ° St C£llS trans ^rmed with the 

eukaryotes, such as animal, plant, insect and yeast cell, 
and promotes, such as E^ii. The means b ^ ^ ^ 
vector carrying the gene may be introduced into the cell 
-elude, but are not lifted to , microinj ection 0611 
electroporation, transduction, or transfection using DEAE . 
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dextran, lipofection, calcium phosphate or other 
procedures known to one skilled in the art (Sambrook et 
al. (1989) in "Molecular Cloning. A Laboratory Manual", 
Cold Spring Harbor Press, Plainview, New York). 

In a preferred embodiment, eukaryotic expression 
vectors that function in eukaryotic cells are used. 
Examples of such vectors include, but are not limited to, 
retroviral vectors, vaccinia virus vectors, adenovirus 
vectors, herpes virus vector, fowl pox virus vector, 
bacterial expression vectors, plasmids, such as pcDNA3 
(Invitrogen, San Diego, CA) or the baculovirus transfer 
vectors. Preferred eukaryotic cell lines include, but are 
not limited to, COS cells, CHO cells, HeLa cells, NIH/3T3 
cells, 293 cells (ATCCtt CRL1573), T2 cells, dendritic 
cells, or monocytes. In a particularly preferred 
embodiment the recombinant MART- 1 protein expression 
vector is introduced into mammalian cells, such as 
NIH/3T3, COS, CHO, 293 cells (ATCC #CRL 1573), T2 cells, 
dendritic cells, or monocytes to ensure proper processing 
and modification of the MART - 1 protein. In an alternative 
embodiment the MART- 1 cDNA is introduced into C0S7 
(Gluzman, Y. et al . (1981) Cell 23: 175-182). The choice 
of an appropriate cell is within the skill of a person in 
the art. 

In one embodiment the expressed recombinant MART- 1 
protein may be detected by methods known in the art which 
include Coomassie blue staining and Western blotting using 
antibodies specific for the MART- 1 protein. 

In a further embodiment, the recombinant protein 
expressed by the host cells can be obtained as a crude 
lysate or can be purified by standard protein purification 
procedures known in the art which may include differential 
precipitation, molecular sieve chromatography, ion- 
exchange chromatography, isoelectric focusing, gel 
electrophoresis, affinity, and immunoaf f inity 
chromatography and the like. (Ausubel et. al . , (1987) in 
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(1977) Proc. Natl. Acad. Sci. , 74:5350-5354), dot and slot 
hybridization (Kafatos, F.C. et al . (1979) Nucleic Acids 
Res . , 7:1541-1522), filter hybridization (Hollander, M.C. 
et al. (1990) Biotechniques : 9:174-179), RNase protection 

(Sambrook et. al . , (1989) in "Molecular Cloning, A 
Laboratory Manual", Cold Spring Harbor Press, Plainview, 
NY), polymerase chain reaction (Watson, J.D. et al . (1992) 
in "Recombinant DNA" Second Edition, W.H. Freeman and 
Company, New York) and nuclear run- off assays (Ausubel et. 
al., (1987) in "Current Protocols in Molecular Biology" 
Supplement 9 (1990) ; John Wiley and Sons, New York, New 
York) . 

Detection of complexes in Step (b) of the bioassay 
can also be carried out by a variety of techniques. 
Detection of the complexes by signal amplification can be 
achieved by several conventional labelling techniques 
including radiolabels and enzymes (Sambrook et. al . , 

(1989) in "Molecular Cloning, A Laboratory Manual", Cold 
Spring Harbor Press, Plainview, New York; Ausubel et al . , 

(1987) in "Current Protocols in Molecular Biology, John 
Wiley and Sons, New York New York) . Radiolabelling kits 
are also commercially available. The MART- 1 nucleic acid 
sequence used as a probe in step(c) of the bioassay may be 
RNA or DNA. Preferred methods of labelling the DNA 
sequences are with 32 P using Klenow enzyme or 
polynucleotide kinase. Preferred methods of labeling RNA 
or riboprobe sequences are with 32 P or 35 S using RNA 
polymerases. In addition, there are known non- radioactive 
techniques for signal amplification including methods for 
attaching chemical moieties to pyrimidine and purine rings 

(Dale, R.N. K. et al . (1973) Proc. Natl. Acad. Sci. . 
70:2238-2242; Heck, R.F. (1968) S . Am. Chem. Soc. . 
90:5518-5523), methods which allow detection by 
chemiluminescence (Barton, S.K. et al . (1992) J. Am. Chem. 
Soc. , 114:8736-8740) and methods utilizing biotinylated 
nucleic acid probes (Johnson, T.K. et al . (1983) Anal . 
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■iMtaDU. 133:125-131; ErickS on, P . F . ^ 

fl FWnoJ.pqy M-rhnrt C , 51:241.249; Matthaei, F.S. et al 

^ 1986) Anal. Rinr ho m ic 7 , n , - no . 

gcn ^' ■ 157-123-128) and methods which 

allow detection by fluorescence using commercially 
ava.la.le products. Ncn- radioactive labelling Kits are 
also commercially available. 

thi, ! MmplM ° £ biol °9i«l samples that can be used in 
this bioassay include, but are not limited tc. prima™ 
■nammalian cultures, continuous mammalian cell lines such 
as melanocyte cell lines, mammalian organs such 
retina, tissues, biopsy specimens, neoplasms, pathology 
specimens, and necropsy specimens. 

nr „ h ^ 3 Pr8ferred ^odiment, a »p radiolabelled MART- 1 
Z Lt S , eXemPl " ^ EX3mPle 1S USed - ^eferably 
ID NO.l>. The approximately 1.6 Kilobase <kb> cDNA 
(Figure l; seo id bo:!) was cloned into the vector and the 
resulting plasmid deposited with the American ^pe ^e 

" 3 The fu^ " • 1994 ' ATCC DepOS " ~ 

be solac!d I '™ T - 1 nU " eiC aCid «» 

HINDI T a PCRI1 PlaSmid by di S-"on with 

HINDIS and Xhol restriction enzymes. This x.a± nucleic 
acid science can then be used as a probe. This P Zt s 

isolated from a variety of tissues or biological samples. 
In another embodiment, combinations of 

„ ^ itB oasea on the 

Figure 1 (SEQ ID N0 . !l( are used as Polymerase 

Reaction (PCR) primers to detect MART-1 mRNA in a 
biolo Sical These primers ^ ^ 

following the reverse transcriptase - Polymerase Chain 
Reaction (R T-PCR, process for amplifying selected RNA 
nucleic acid sequences as detailed in Ausubel et al 
(eds) (1987, in -current Protocols in Molecular Biology- 
Chapter is, John Wiley and Sons, New York. New York ™ e 



WO 95/29193 



PCT/US95/05063 



- 18 - 



5 



10 



15 



20 



25 



30 



35 



BNSDOCID:<WO 9529193A2> 



oligonucleotides can be synthesized by automated 
instruments sold by a variety of manufacturers or can be 
commercially prepared based upon the nucleic acid sequence 
of this invention. One skilled in the art will know how 
to select PCR primers based on the MART- 1 nucleic acid 
sequence for amplifying MART- 1 RNA in a sample. 

The MART- 1 nucleic acid sequence or portions thereof 
(Figure 1: SEQ ID NO:l) of this invention are useful to 
detect alterations of the MART- 1 gene in normal or 
diseased mammalian tissue. By alteration, we mean 
additions, deletions, substitutions or duplications in the 
MART-1 gene sequence or gene amplification of the MART- 1 
gene sequence. Therefore, another aspect of the present 
invention relates to an assay for detecting alterations of 
the MART- 1 gene in a biological sample comprising the 
steps of (a) contacting all or part of the nucleic acid 
sequence of this invention with genomic DNA isolated from 
a biological sample under conditions allowing a complex to 
form between said nucleic acid sequence and said genomic 
DNA, (b) detecting said complexes, and (c) determining 
alterations in said MART-1 gene by comparison to a control 
sample . 

Standard methods for isolating DNA from a biological 
sample, detecting alterations in a gene and detecting 
complex between the MART- 1 nucleic acid probe and genomic 
DNA sequences are provided in manuals such as Sambrook et 
al., (eds) (1989) "Molecular Cloning, A Laboratory 
Mineral", Cold Spring Harbor Press, Plainview, New York 
and in Ausubel et al,, (eds) (1987) in "Current Protocols 
in Molecular Biology" John Wiley and Sons, New York, New 
York. 

The MART-l nucleic acid sequences of this invention 
(Figure 1; SEQ ID No:l) can also be used as probes to 
isolate the MART-1 homologs in other species. In a 
preferred embodiment the MART-1 cDNA (Figure 1; SEQ ID 
No:l) is used to screen a mammalian cDNA library, positive 
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clones are selected and seauenced E^m^i . 

sources fro, „ hic n the cDNA library c a 7Ie ! ° f 

include. tat are not lifted to sk Tn It ^^"a 

neonata! s*in and enfcryos Prefer^ 
, i. screened using ^L,'^ ^"J 1 *™* 
' SEO ID No . 11. one skill. H ■ u <FiSUre 1; 

appropriate hybridization c T "* ^ ™— th. 
the horologe, con^ntil " " " USed " ««"•« 

^ridizatln. constt t 0 ^ oTi^ ^ 
technics are described": ^T^JT ^ 
In "Molecular Clonina A r ah „ ' (eds) (1989 > 

Harbor Press PiaL Lab ° rato ^ Cold Spring 

(eds) m T r PlainVlew ' Ne » York and Ausubel et al 
teas; m "Current Protocol ^ s„ w , Am 
John Wiley and Son- T Molecular Biology" (1987) , 

xey and Sons. New York, New York. 
It is known that all or mt-i-o 
Protein is an antigen present Z , ° f 

therefore another aspect of " s ""^ " iS 

MART- 1 nucleic «vm ! invention to provide 

"«T.i Hlft or altera P r obes to be utilized in detecting 

-oiogicai sip rr: ^dir" 6 ievei ° £ ^ 

-sease. ^ ^r^lT""" * 

limited to. melanomas. By alterLT ' n0t 

MART - 1 mRNA we mean an al « the level of 

of an RNA relative to a " " in th * 

« disappearance^ ^ ^JT^r,— — 

xaynosis or the assessment nf hh a ^ • 

ar Slte of expression of the MART i na 
tissue, a preferrprt m «.u ^ MART-i gene within a 

preferred method of labeling the mapt i 
acid sequence is synthesizing a » S ,! h f", ^ " 

"9 a S - labeled Rna probe by 
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in vitro transcription utilizing SPG polymerase. In the 
MART- 1 plasmid (ATCC Deposit #7573 8) the sense strand is 
under the control of the T7 promoter, the antisense strand 
is under the SP6 promoter. It is preferable that the 
probe be hydrolyzed to a probe length of approximately 
400-200 base pairs. Conventional methods for preparation 
of tissues for in situ, synthesis of probes and detection 
of signal can be found in Ausubel et . al. # (eds) (1987) in 
"Current Protocols in Molecular Biology, " John Wiley and 
Sons, New York, New York Chapter 14 and Vander Ploeg, M. , 
Raap A.K. (1988) In "New Frontiers in Cytology" Goerttler, 
K., Feichter, GE, Witte. S. (eds) pp 13-21 Springer- 
Verlag, New York. The probe is then contacted with 
mammalian tissue sections and in situ analyses performed 
by conventional methods. Examples of tissues that can be 
used include, but are not limited to, mammalian embryos, 
adult mammalian tissues, such as skin, lymph nodes and 
retina, biopsy specimens, pathology specimens and necropsy 
specimens. In a preferred embodiment, MART- 1 in situ 
probes may be used to evaluate MART - 1 RNA expression in 
diseased tissue for invasive early melanoma to 
characterize radial and vertical growth phases of the 
melanoma lesion and assess the margins of the disease 
within the tissue. 

In yet another embodiment of this invention all or 
parts thereof of the MART- 1 (SEQ ID N0:1) nucleic acid 
sequence can be used to generate transgenic animals. 
Preferably the MART- l gene is introduced into an animal or 
an ancestor of the animal at an embryonic stage, 
preferably at the one cell stage and generally not later 
than about the eight cell stage. There are several means 
by which transgenic animals carrying a MART- 1 gene can be 
made. One method involves the use of retroviruses 
carrying all or part of the MART- 1 sequence. The 
retroviruses containing the transgene are introduced into 
the embryonic animal by transf ection . Another methods 
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in the art ,Merrifi e i d , E .B 96 3 , Z " * ± "" d 
85:2149). Examples of MflRT-i nsnr SfiCj. 
not limited to. are AAGIGxltu , but are 

SE0 ID »■ »> <Peptides are pre ented"! ISILTVI ^ 
amino acid code) Th» ™„ . presenced " Single letter 

• The most preferred peptide is AAGIGILTV 
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(SEQ ID NO: 4) . 

Alternatively, peptides derived form the MART- 1 
protein sequence may modified to increase their 
immunogenicity by enhancing binding of the peptide to the 
MHC molecules in which the peptide is presented. Examples 
of such modified MART-l peptides that may used are shown, 
but not limited to, the peptides in Table 14. In a 
preferred embodiment the MART- 1 peptide that is modified 
to enhance its binding to MHC Class I molecules is 
AAGIGILTV (SEQ ID NO:4) • By way of example, the modified 
peptides ALGIGILTV (M9-2-2L) (SEQ ID NO:50), WAGIGILTV 

(M9-2-1W) (SEQ ID NO:53), FAGIGILTV (M9-2-1F) (SEQ ID 
N0:54) and AAYIGILTV (M9-2-3Y) (SEQ ID NO:58). The 
peptide or modified peptide may be conjugated to a carrier 
molecule to enhance the antigenicity of the peptide. 
Examples of carrier molecules, include, but are not 
limited to, human albumin, bovine albumin, lipoprotein and 
keyhole limpet hemo-cyanin ("Basic and Clinical 
Immunology" (1991) Stites, D.P. and Terr A.I. (eds) 
Appleton and Lange, Norwalk Connecticut, San Mateo, 
California) . 

Exemplary antibody molecules for use in the detection 
methods of the present invention are intact immunoglobulin 
molecules, substantially intact immunoglobulin molecules 
or those portions of an immunoglobulin molecule that 
contain the antigen binding site, including those portions 
of immunoglobulin molecules known in the art as F(ab), 
F(ab'); F(ab') 2 and F(v). Polyclonal or monoclonal 
antibodies may be produced by methods known in the art. 
(Kohler and Milstein (1975) Nature 256, 495-497; Campbell 
"Monoclonal Antibody Technology, the Production and 
Characterization of Rodent and Human Hybridomas" in Burdon 
et al. (eds.) (1985) "Laboratory Techniques in 
Biochemistry and Molecular Biology," Volume 13, Elsevier 
Science Publishers, Amsterdam). The antibodies or antigen 
binding fragments may also be produced by genetic 
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M. 1984. J. Clin. Chem. Clin. Biochem. 22: 895-904) 
Biological samples appropriate for such detection assays 
include mammalian tissues, melanoma and melanocyte cell 
lines, skin, retina, lymph nodes, pathology specimens, 
necropsy specimens, and biopsy specimens. Proteins may be 
^ isolated from biological samples by conventional methods 
described in (Ausubel et al . , (eds) (1987) in "Current 
Protocols in Molecular Biology" John Wiley and Sons, New 
York, New York) . 

The antibodies of this invention can therefore be 
!0 used in immunoassays to detect MART- 1 antigen or 

alteration in the level of expression of the MART- 1 
antigen in biological samples isolated from mammals 
afflicted with a disease or disorder. Examples of 
biological samples include, but are not limited to, 
15 mammalian tissues, biopsy tissue samples, melanoma and 

lymph node biopsy samples, pathology and tissue samples. 
Examples of diseases that can be assessed by these 
immunoassays, include, but are not limited to, melanomas 
and tissues which are secondary sites for melanoma 

20 metastasis. By alteration in level of expression, we mean 
an increase or decrease of the MART protein or portions 
thereof relative to a control sample. Alteration is also 
meant to encompass substitution, deletion or addition 
mutants of the MART- 1 protein. Such mutations can be 

25 determined by using the antibodies of this invention known 
to react with specific epitopes of the MART- 1 protein and 
determining which epitopes are present relative to a 
control. The antibodies of this invention can therefore 
be used in an immunoassay to diagnose, assess or prognoses 

30 a mammal afflicted with the disease. 

In a preferred embodiment, the MART- 1 antibodies of 
this invention are used to assess the presence of the 
MART- 1 antigen from a tissue biopsy of a mammal afflicted 
with melanoma using immunocytochemistry . Such assessment 

35 of the delineation of the MART- 1 antigen in a diseased 
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adjuvant may be used, most preferably about 1 mg of 
antigen in adjuvant may be used. The animal receives 
similar booster doses and antisera titer is assessed by 
ELISA assay. Satisfactory levels of antisera are obtained 
when the anti-peptide antibody titer reaches a plateau. 
This antibody can be used in the standard immunoassays 
described above . 

T- lymphocytes recognize antigen in association with 
Class I or Class II MHC molecules in the form of a peptide 
fragment bound to an MHC molecule. The degree of peptide 
binding to a given MHC allele is based on amino acids at 
particular positions within the peptide (Parker et al „ 

(1992) Journal of Immunology 149:3580; Kubo, et al . (1994) 
Journal of Immunology 52 : 3913 -3924; Ruppert J. et al . 

(1993) Cell 74:929-937; Falk et al . (1991) Nature 351:290- 
296, each of which is herein incorporated by reference) . 
Therefore, another embodiment of this invention relates to 
peptides derived from the MART- 1 protein sequence (Figure 
1; SEQ ID NO: 2) which have been modified to increase 
immunogenicity by enhancing binding of the peptide to the 
MHC molecule with which the peptide is associated. By way 
of example, modification may include substitution, 
deletion or addition of an amino acid in the given 
immunogenic peptide sequence or mutation of existing amino 
acids within the given immunogenic peptide sequence, or 
derivatization of existing amino acids within the given 
immunogenic peptide sequence. Any amino acid comprising 
the immunogenic peptide sequence may be modified in 
accordance with this invention. In a preferred embodiment 
at least one amino acid is substituted or replaced within 

30 the given immunogenic peptide sequence. Any amino acid 
may be used to substitute or replace a given amino acid 
within the immunogenic peptide sequence. Modified 
peptides are intended to include any immunogenic MART- 1 
peptide which has been modified and exhibits enhanced 

35 binding to the MHC molecule with which it associates when 
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presented to the T-cell. 

By way of example, the Hla ao =n n 
<* nine or ten amino acids f * 
the peptide that ray be altered h POSiCi ° nS 
; delude, bu t are J d " ^ 

1 second position, the third JZl ■ Potion, the 

°f the peptide J Position and the last position 

or replace these "°" ^ ^ " 

seoueLe. J"* 1 " ™ Wi*' 

a. the second 7^11 ^ 

^ r opho b i C aiUtir^L h iT z ^rr iy a 

that may be used °' E »™P:Les 0 f amino acids 

not 1 imLed to xLoil T P ° Si "° n b " •» 

v-ine. threonln e < »^ teT l" 1 "' iS ° leUCin '' 

mi's : r 

ptr r a ™ 1 - = -t;: P h tiir z loth 

«- peptide i^ciu^ .^ttrLVr. ^ " 

methionine. leucine. alanLe \ 0 e ™ "h VaUne ' 
glycine. Preferably valine is T T threonine or 

in the peptide tJ 7 " the last Potion 

pepciae. The amino acid«=; =,*- c - 

positions in the peptide „ v „ ! flrSt Md Chird 

-ndin 3 of the pe^de toTLt ^"0^ V^"" 

rLr" r che £irst and — " * u l The 

^ t^!!^^' — amino 

of amino acids that LlL lZ ll ZZ ^ 

but are not limited to 1.^ Positions include. 

■ ™ t0 ' ieucme, methionine valine 

alanine, isoleuoine, threonine, gl ycine JZj I ' 
Phenylalanine, tyrosine, W./CcT^ ■ 
Examples of MART - 1 peptides a, r „ ! lysiM - 
-t are not limited^. z^^f" 
EAAGIGILTV (SEQ ID B0: l7 , and ^XCX^X " E0 ID NO: 18) 
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(peptides are presented in single letter amino acid code) . 
By way of example the immunogenic MART- 1 peptide AAGIGILTV 

(SEQ ID NO: 4) may be modified according to the following 
formula X,X 2 X 3 IGILTX 4 (SEQ ID NO: 122) wherein: 

Xj may be any amino acid, preferably any hydrophobic 
aliphatic amino acid, or aromatic amino acid. Examples of 
amino acids that may be used, but are not limited to, 
alanine, tryptophan, phenylalanine, tyrosine, lysine, 
isoleucine, leucine, methionine, threonine, glycine or 
serine . 

X 2 may be any hydrophobic amino acid, preferably an 
aliphatic hydrophobic amino acids. Examples of amino 
acids that may be used include, but are not limited to, 
leucine, methionine, isoleucine, valine, threonine, 
alanine or glycine. 

X 3 may be any amino acid, preferably any hydrophobic 
aliphatic amino acid, or aromatic amino acid. Examples of 
amino acids that may be used include, but are not limited 
to, tryptophan, phenylalanine, tyrosine, lysine, aspartic 
acid, serine, alanine, glycine, isoleucine, valine, or 
threonine . 

X 4 may be any hydropbic amino acid, preferably a 
hydrophobic aliphatic amino acid. Examples of amino 
acids that may be used include, but are not limited to, 
valine, leucine, isoleucine, alanine, threonine, or 
glycine . 

Examples of modified AAGIGILTV (SEQ ID NO: 4) peptide 
sequences that may be produced are shown but not limited 
to the peptides in Table 14 (Example 5) . 

This invention further includes analogs of these 
immunogenic modified peptides derived from the MART- 1 
amino acid sequence (Figure 1; SEQ ID NO: 2) which have 
been modified. The term analog is intended to include any 
peptide which displays the functional aspects of these 
modified peptides. The term analog also includes 
conservative substitutions or chemical derivatives of 
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X'i^JT"" as described — ™- 

prophyiactically or tLT ™ ^ hBr 

ProphylacticalJ IIT'T^ 11 *' «»» 

of .ezanol " he advance of any 

the MART- 1 vaccine^ ^ Pr ° Phylat:tic Ministration of 

— „o M in a~ u : :™ to p ™ or a "~ 

PreferaMy numan. « ^ l™™****™ — 

P-phyiacticaUy treated wl" ^ ^ ^ 

invention vaccines of this 

humans with a his " *** hlsc <"7 <* meianoma, 

history of FAM-M svnd m ° leS ' a 

meianoL prev^ouslTre " ^""^ 
reoccurrence Zl ^ Cheref °" « risk for 

nce - ""en provided thera MU Hr.= ;, 
is provided to enhance the patient s own ' 
to the tumor antigen D r»= PaClenC s own «"ne response 

. me vaciL n e pr : : rr^rrr or nac — 

^ c ex Pression vector ce3 1 i,, Mt . 
transf acted with a mart-i „™ ! CSllS 
or a culture supernataL reCOmblnanC Session vector, 
Alternatively th! Conta ^ the expressed protein 

SUh . a J^'. tlle . lnmUn09en is - Partially or 

punned recombinant MART i nrnr • 
or analog thereof or modify ■ protein - Peptide 

The proteins or peptio^ 1 " °* anal ° 9S ther » of • 

able to present it as a n„= ' " is P"£«r- 

lation or preparation. Witt™. for*u- . 
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The formulations of the present invention, both for 
veterinary and for human use, comprise an immunogen as 
described above, together with one or more pharma- 
ceutically acceptable carriers and, optionally, other 
therapeutic ingredients. The carrier (s) must be 
"acceptable" in the sense of being compatible with the 
other ingredients of the formulation and not deleterious 
to the recipient thereof. The formulations may 
conveniently be presented in unit dosage form and may be 
prepared by any method well-known in the pharmaceutical 
art . 

All methods include the step of bringing into asso- 
ciation the active ingredient with the carrier which con- 
stitutes one or more accessory ingredients. In general, 
the formulations are prepared by uniformly and intimately 
bringing into association the active ingredient with 
liquid carriers or finely divided solid carriers or both, 
and then, if necessary, shaping the product into the 
desired formulation. 

Formulations suitable for intravenous intramuscular, 
subcutaneous, or intraperitoneal administration 
conveniently comprise sterile aqueous solutions of the 
active ingredient with solutions which are preferably 
isotonic with the blood of the recipient. Such 
formulations may be conveniently prepared by dissolving 
solid active ingredient in water containing 
physiologically compatible substances such as sodium 
chloride (e.g. 0.1-2.0M), glycine, and the like, and 
having a buffered pH compatible with physiological 
conditions to produce an aqueous solution, and rendering 
said solution sterile. These may be present in unit or 
multi-dose containers, for example, sealed ampoules or 
vials . 

The formulations of the present invention may incor- 
porate a stabilizer. Illustrative stabilizers are poly- 
ethylene glycol, proteins, saccharides, amino acids, inor- 
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preferahiv ^ se stabilizers are 

fiMeraDiy incorporated in 

^ "eight per pa ^ c by t™l n ~ ° f O.u-w.ooo parts 
stabiles are eo be y use f C th °f . lmUn ^ n - " <=•» or TOre 
5 preferably within ' ' thSlr total *"<°™t is 

^i^ s lT'T ran9e speci£ied ab ° ve - T — 

pressure of SUC h specific osmotic 

~nge of o., 3 o IZZl SOlUWOnS 1S 9 ~» 1 * <*. 
10 The p„ of the a l. " «» - nge 

within the range of ,TH "T^ *° ba 

« m formating the i^ 7 ""^ °" ^ 

invent! on. anti-adsc^ IZ^T^Z ™< 

» -^ror^^jrnrrr 1 methods ™ y te *> 

P-tions my be ^L^, 0 ^ 0 "- -ease P~- 
oomplex „r absorb the pro J< ° £ P ° iymer c ° 

control^ deliverT^ybe\ " ^ d « 1 ™"™-. The 
appropriate ^ro^lclle T'"" 3 
0 Polyene acids , p i 'l^l^l Po^ester, 

ethylenevinylaoetate. 
carboxymethylcellulose, or 

concentration of -^^T^TL";: ^ ^ 
incorporation in order to control M ° dS ° £ 

possible method to control th» T ' 

controlled-release prepaltions " ^ by 

MSRT-i r., Preparations ls to incorporate rh= 

Partici; s "o7a" D oT PCldeS U " t " of int ° 

vinylacetate copolymers ^t °* eChylene 

incorporating ^11^^17^ ' ° £ 
possible to entrap ^ » e "^^" " i- 

prepared, for exaimlD ^ C6rials ln microcapsules 

interfacial polyTr a tio y „ CO r erVa " 0n ~ 

-thylcelluiose « gelltL mi 

"r gexatm-microcapsules and 
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poly (methylmethacylate) microcapsules, respectively, or in 
colloidal drug delivery systems, for example, liposomes, 
albumin microspheres, microemulsions , nanoparticles , and 
nanocapsules or in macroemulsions . 

When oral preparations are desired, the compositions 
may be combined with typical carriers, such as lactose, 
sucrose, starch, talc magnesium stearate, crystalline 
cellulose, methyl cellulose, carboxymethyl cellulose, 
glycerin, sodium alginate or gum arabic among others. 

The proteins of the present invention may be supplied 
in the form of a kit, alone, or in the form of a pharma- 
ceutical composition as described above. 

Vaccination can be conducted by conventional methods. 
For example, the immunogen can be used in a suitable 
diluent such as saline or water, or complete or incomplete 
adjuvants. Further, the immunogen may or may not be bound 
to a carrier to make the protein immunogenic. Examples of 
such carrier molecules include but are not limited to 
bovine serum albumin (BSA) , keyhole limpet hemocyanin 
(KLH) , tetanus toxoid, and the like. The immunogen also 
may be coupled with lipoproteins or administered in 
liposomal form or with adjuvants. The immunogen can be 
administered by any route appropriate for antibody 
production such as intravenous, intraperitoneal, 
intramuscular, subcutaneous, and the like. The immunogen 
may be administered once or at periodic intervals until a 
significant titer of anti-MART-1 immune cells or anti- 
MART-1 antibody is produced. The presence of anti-MART-1 
immune cells may be assessed by measuring the frequency of 
precursor CTL (cytoxic T- lymphocytes ) against MART- 1 
antigen prior to and after immunization by a CTL precursor 
analysis assay (Coulie, P. et al . , (1992) International 
Journal Of Cancer 50:289-297) . The antibody may be 
detected in the serum using the immunoassay described 
above . 

The administration of the vaccine or immunogen of the 
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present invention may be for either . prophylaccic Qr 

^erapeuc.c purpose. When provided pr o P hylaccically, 
immunogen is provided in advance Qf any ev . dance ^ <*• 

advance of any symptom due Co melanoma. The prophylactic 
admiration of the Imogen serves to prevent or 
attenuate melanoma in a mammal, when provided thera- 
peutically, the immunogen is provided at ,or shortly 

svml OTSet ° f diSSaSe ° r " the «•«= of Ly 

symptom of the disease. The therapeutic administration of 
Che immunogen serves to attenuate the disease 

reco^iLt^.™: 6 " 1S 3 VaCCinS PrSPared ^ 
To „„ T Protein or peptide expression vectors 

To provide a vaccine to an individual a genetic sequence 
which encodes for all or part of the mart-1 nucleic^ 
sequence is inserted into a expression vector, as 

tZ t ab ° Ve ' ^ in "° du « d i»to Che mammal to be 
immunized Exiles of vectors that may be used in the 
aforementioned vaccines include, hut are not limited to 
defective retroviral vectors, adenoviral vectors vact a 
Viral vectors, fowl pox viral vectors, or other viral 
vectors (Mulligan, R.c, , 1993 , Sai^ 260:926 . 932) 
Viral vectors carrying all or part of the h»t.i nu lelc 
sequence can be introduced into a mammal either prior to 
any evidence of melanoma or to mediate regression^ of the 

TZZzl ' I™ 1 af " iCted " ith e f 

methods for administering the viral vector into the 

~J^\ ~ «■ ™re Of cells 

« or injection of the retrovirus or a 

producer cell line of the virus into the affected tissue 
or intravenous administration of the virus. Alternatively 
the viral vector carrying all or part of the mart- l 
nucleic acid sequence may be administered locally by 
direct injection into the melanoma lesion or topical 
application in a pharmaceutical^ acceptable carrier The 
£ancicy of viral veccor. carrying all or part of the * 
MART-1 nucleic acid sequence, to be administered is based 
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on the titer of virus particles. A preferred range of the 
immunogen to be administered may be about 10 6 to about 10 11 
virus particles per mammal, preferably a human. After 
immunization the efficacy of the vaccine can be assessed 
by production of antibodies or immune cells that recognize 
the antigen, as assessed by specific lytic activity or 
specific cytokine production or by tumor regression. One 
skilled in the art would know the conventional methods to 
assess the aforementioned parameters. If the mammal to be 
immunized is already afflicted with melanoma or metastatic 
melanoma the vaccine can be administered in conjunction 
with other therapeutic treatments. Examples of other 
therapeutic treatments includes, but are not limited to, 
adoptive T cell immunotherapy, coadministration of 
cytokines or other therapeutic drugs for melanoma. 

Alternatively all or parts thereof of a substantially 
or partially purified the MART- 1 protein may be 
administered as a vaccine in a pharmaceutically acceptable 
carrier. Ranges of MART- 1 protein that may be 
administered are about 0.001 to about 100 mg per patient, 
preferred doses are about 0.01 to about lOOmg per patient. 
In a preferred embodiment, the MART- 1 peptide AAGIGILTV 
(SEQ ID NO: 4) (presented in single letter code) or 
analogs thereof is administered therapeutically or 
prophylactically to a mammal in need of such treatment. 
Alternatively, modified MART - 1 peptides, examples of which 
are presented in Table 14 may be used. Preferred doses 
may be about 0.001 mg to about 100 mg, most preferred are 
about 0.01 mg to about 100 mg. The peptide may be 
synthetically or recombinantly produced. Immunization is 
repeated as necessary, until a sufficient titer of anti- 
immunogen antibody or immune cells has been obtained. 

In yet another alternative embodiment a viral vector, 
such as a retroviral vector, can be introduced into 
mammalian cells. Examples of mammalian cells into which 
the retroviral vector can be introduced include, but are 
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not limited to , primary culcures or conti 

^T ^B.^r 3 ' CellS ' NIH3T3 ' ° r2 " '«« 

15731 • The means fc y "Mch the vector carrying the 

'™7 b£ -trcuced into a cell includes, but is not 
limited to, microinjection, electroporation, transfection 
or transfection using DEAE dextran, lipofection. calcic 
phosphate or other procedures Known to one skilled in T he 
art (SamSrook et al. 1EDS) U9S9) in , Molecular ^ ^ 

New York) . The mammalian cells expressing the MART-l 
antigen can be administered to mammals and serve as a 
vaccine or immunogen. Examples of how the cells expressing 
MART-! ant lgens can be administered include, but is not 
limited to, intravenous, intraperitoneal or intralesional 
in a preferred embodiment, the part of the MART- 1 nucleic' 

ID HO S T nCe . C ° rreSPOndin9 " ChS PepCide WWW (S E0 
and \ „" 1MerCed thE " ,Utr - 1 session vector 

and introduced into the mammalian cells. Alternatively a 
nucleic acid sequence corresponding to MART- l peptides 
which have been modified to enhance their bindLg to MHC 
molecules may be used. By way of example, the nucleic 

rlVT^ 3 en= ° ding m ° dified W^es shown in 

Table 14 may be inserted into an expressions vector and 
introduced with mammalian cells. 

The vaccine formulation of the present invention 
comprise an immunogen that induces an immune response 

Z S 2T 39ainSt mSlan0ma —-ted antigens such as 
I an= '" a * ss °<=iated MART- 1 antigen. The vaccine 
formulations may be evaluated first in animal models ' 
initially rodents, and in nonhuman primates and finally in 
humans . The safety of the immunization procedures is 
determined by looking for the effect of immunization on 
the general health of the immunized animal (weight change 
fever, appetite behavior etc.) and looking for ' 
pathological changes on autopsies. After initial testing 
in animals , melanoma cancer patients can be tested 
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in' yet another embodiment of this invention all. 
part or parts of the MART - 1 protein or MART-1 peptides or 
analogs thereof, or modified MAHT-l peptides or analogs 
thereof, »y be exposed to dendritic cells cultured « 

ilro The cultured dendritic cells provide a means of 
^fucing T-cell dependent antigens comprise, of dendritic 
ptu^u 3 , , . H . cells pulsed with 

cell modified antigen or dendritic cens v 

'antigen, in which the ^ >^ ^The MART- 

on Che antigen activated dendritic ceil. The MART 1 
antigen activated dendritic cells or processed dendrite 
eel antigens .ay oe used as immunogens ""^^ 
£ or the treatment of melanoma. The dendritic 
b e exposed to antigen for sufficient time to allow the 
antics to be internalized and presented on the dendritic 
cells surface. The resulting dendrite cells or the 
dendritic cell process antigens can than he ad, nistered 
to an individual in need of therapy. Such methods are 
described in Steinman et al. (WO93/208185) and in 
Banchereau et al. (EPO Application 05634S5A!, which are 
incorporated herein by reference. 

in yet another embodiment of this invention T- cells 
isolated from individuals can be exposed to the MART-1 
isolated troro i mart-i peptides or analogs 

protein or portions thereof, or MART l p p 
thereof or MART- 1 modified peptides or analogs thereof 
jitta and then administered to a patient in need of ^uch 
^ment in a therapeutically effective amount . »^« 
of where T-lymphocytes can be isolated, include but are 
not limited To. peripheral blood cells lymphocytes (PBL) . 
ly mph nodes, or tumor infiltrating lymphocytes (TIL, 
sZ lymphocytes can be isolated from the individual to 
— « '«» * donor by methods ^ ^ 
ZrZSS? rr/tes^arr/ultured in media such 
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as RPMI or RPMI 1640 or AIM V for i- 10 weeks v • 
13 aSSessed ^ trypan blue dye exclusion^ 
lymphocytes are exposed to Ji ^ ClUS1 ° n aSSa ^ ^ 
protein for part Z =i ! ° f the 

. Preferred ^ ^ Lent ^ 3 

> aacxcxltv (SEQ ID N0: \ P zz: yt r s are exposed to 

letter code) - t „ P e P^de (presented in single 

the peptide the T-lv^h S sensitized to 

— 1 in ne J su T t " *™ « the 

Edified „ , " treatment. Aiternativeiy, the 

to Sh °™ in « «y *e exposed 

can be a JnistereH^etmT, — U1 ~ 

limited to, int^enousiT InT ^ "« m 

intraiesionally ^° USly ' lnt «P«itoneally or 

aete^ine th « f "* — - "> 

include. but are not li! 1E f 56 SenSi " zed T-iymphocytes 
cells in the J*"*™ 1 "* «* • 

Conventions methods a^e used D as" ^ 

Such treatment can be 3 V ° »—.<*— Parameters. 

or gene edified ^^Z^'TT^ T, 

3: 75 - 90; Rosenberg, s. a et " 2 ' 
(1S92 > S™a J1 ^ S ne_ I h 2taEV , 3; *■ ai • 

In addition to use as a vaccine rh. 
be used to prepare entity- lne ' Che compositions can 

or analogs thereof or- „ • l antl ^en, peptides 

3 tnereof ' or modified mart- i n^.^ 
analoos »->,»™* WAKI 1 Peptides and 

anti.^i™^:: TT" ^ """^ " 

animax is i^nLed usin 3 IT^T'lT^ * 
anaiogs thereof, or modified pe^Les o ^ ^"^ " 
as the immunogen and hound Ja c l " ^ 
for vaccines. The hr,*r - carrier as described above 

-Homing an ap^/ ™ 

composition prising antibodies rl t ve^t: 
~gen. The gamma giobuiin fraction or 2 f£ 
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antibodies can be obtained, for example, by use of 
saturated ammonium sulfate or DEAE Sephadex, or other 
techniques known to those skilled in the art. The 
antibodies are substantially free of many of the adverse 
side effects which may be associated with other anti- 
^ cancer agents such as chemotherapy. 

The antibody compositions can be made even more 
compatible with the host system by minimizing potential 
adverse immune system responses. This is accomplished by 
removing all or a portion of the Fc portion of a foreign 

*0 species antibody or using an antibody of the same species 
as the host animal, for example, the use of antibodies 
from human/human hybridomas . Humanized antibodies (i.e., 
nonimmunogenic in a human) may be produced, for example, 
by replacing an immunogenic portion of an antibody with a 

15 corresponding, but nonimmunogenic portion (i.e., chimeric 
antibodies) . Such chimeric antibodies may contain the 
reactive or antigen binding portion of an antibody from 
one species and the Fc portion of an antibody 
(nonimmunogenic) from a different species. Examples of 

20 chimeric antibodies, include but are not limited to, non- 
human mammal - human chimeras , rodent - human chimeras , 
murine-human and rat-human chimeras (Robinson et al . , 
International Patent Application 184,187; Taniguchi M. , 
European Patent Application 171,496; Morrison et al . , 

25 European Patent Application 173,494; Neuberger et al . , PCT 
Application WO 86/01533; Cabilly et al . , 1987 Proc . Natl. 
Acad. Sci. USA 84:3439; Nishimura et al . , 1987 Cane. Res. 
47:999; Wood et al . , 1985 Nature 314:446; Shaw et al . , 
1988 J. Natl. Cancer Inst. 80: 15553, all incorporated 

30 herein by reference) . 

General reviews of "humanized" chimeric antibodies 
are provided by Morrison S., 1985 Science 229:1202 and by 
Oi et al., 1986 BioTechniques 4:214. 

Suitable "humanized" antibodies can be alternatively 

35 produced by CDR or CEA substitution (Jones et al . , 1986 
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Nature 321:552; Verhoeyan et al i«„. c- 

Biedleret al l 98e j ^ 1988 S "^e 239:1534; 

herein by referenced 141:4 ° 53 ' * U ^^-ed 

be p^c::^;!^:: r i9en bindin3 £ra ~ 

.„„„. 7 3enetlc engineering. The technology for 

pi ^"r^r foiio - in9 pct — appiic^^ 

« ai., 1989 Science 246:1275-1281 
The antibodies can also be used as a means of 
enhancing the immune response. The antibodies can be 
administered in amounts similar to r h „ 

therapeutic „,,„,<„• . Slmil ar to those used for other 

apeutic administrations of antibody. For 
Pooled gamma globulin is administered It a 
1-9 to about loomg per patient Thus anting ° f ^ 

rtr:: rio i ancigen - *» ---r:^:eT tive 

to rzz ^^z^: r her anu - cancer 

T cer therapies U^T^ ST,- 

Alternatively, anti MART-i 
i-ced by administering ^-LSSTJ^ ~ *" 
immunogens. Conveniently, a purified ratl . m *" .„ „ 
Preparation prepared as described above is Zd to f " 
anti-idiotype ancibodv in , host * J»«> » induce 

is administered to ,->,. „ animal. The composition 

Fo„^_. .!! . ° ^ h ° SC in a suitable dilu.nr 

immunogenic respLs e to the '° 6lil ° inate a " 
by the same specie a th "J l** 91 "' P«*uc«, 

F es as the h °st animal can be user) o>- 

l:'"" ° £ thS Ministered antibodies can be lo^ed 

an -"ler::^" — — X in the nost 

' serum or plasma is removed to Drovid* a „ 
composition The , • . Provide an antibody 

p «"on. The composition can be purified ac ^ . 
ahove for anti-M^i antibodies, or l/^" tllZ^ 
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cography using ant i -MART- 1 antibodies bound to the 
affinity matrix. The anti - idiotype antibodies produced 
are similar in conformation to the authentic MART- 1 - 
antigen and may be used to prepare an MART - 1 melanoma 
antigen vaccine rather than using the MART- 1 protein, 
peptides analogs or portions thereof. 

When used as a means of inducing anti -MART- 1 
antibodies in an animal, the manner of injecting the 
antibody is the same as for vaccination purposes, namely 
intramuscularly, intraperitoneally , subcutaneously , 
interlesionally, or the like in an effective concentration 
in a physiologically suitable diluent with or without 
adjuvant. One or more booster injections may be 
desirable. 

The MART- 1 derived proteins or peptides or modified 
peptides of this invention are also intended for use in 
producing antiserum designed for pre- or post -disease 
prophylaxis. Here the MART- 1 antigen, peptides or analogs 
thereof, or modified MART- 1 peptides or analogs thereof is 
formulated with a suitable adjuvant and administered by 
injection to human volunteers, according to known methods 
for producing human antisera. Antibody response to the 
injected proteins is monitored, during a several -week 
period following immunization, by periodic serum sampling 
to detect the presence of anti-MART-l serum antibodies, 
using an immunoassay as described herein. 

The antiserum from immunized individuals may be 
administered as a prophylactic measure for individuals who 
are at risk of developing melanoma. The antiserum is also 
useful in treating an individual afflicted with melanoma 
for post -disease prophylaxis. 

For both in vivo use of antibodies to MART - 1 antigen 
and anti -idiotype antibodies and diagnostic use, it may be 
preferable to use monoclonal antibodies. Monoclonal anti- 
MART-l antibodies or anti- idiotype antibodies can be 
produced as follows. The spleen or lymphocytes from an 
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wnunogen. Alternatively peptide, * 
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the peptide to a MHC Class t , " indin9 ° f 

By way ot exa^lelV::: f er p ;p C t U id e er y h alS ° ^ " S ' d - 
«» b. used as the immunogen ^ ^ TaMe " 

Antibodies secrpfpH k„ «.u 
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of the desired specificitv T """" antibodies 

nr pecificit y- For monoclonal mart-i 

— f=t"-J-ue antibodies rha = ^. ~"~ ~ "" Li s c " 

antigen or peptide For * ^f^"* to mart-! 

antibodies the !ntib , m ° n ° Cl ° nal ^i-idiotype 

antibodi^ ctllT Mnd C ° anci -MART- 1 

les - Cells Producing antibodies of m,. „ ■ 
specificity are selected. desired 

The antibodies or chimeric antibodies describe 
herein may also be coupled to toxin molecules "d! 
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S., Rosenberg, S.A. (eds) J.B. Lippincott Co. 
Philadelphia; Larson, S.M. et al . (1991) in "Biological 
Therapy of Cancer" De Vita V.T., Hellman S., Rosenberg, 
S.A. (eds) J.B. Lippincott Co., Philadelphia). Examples 
of toxins to which the antibodies may be coupled to 
include, but are not limited to, ricin or diphtheria 
toxin. Examples of drugs or chemotherapeutic agents 
include, but are not limited to, cyclophosphamide or 
doxorubcin. Examples of radioisotopes, include, but are 
not limited to, l3l I. Antibodies covalently conjugated to 
the aforementioned agents can be used in cancer 
immunotherapy for treating melanoma. 

Local administration to the afflicted site may be 
accomplished through means known in the art, including, 
but not limited to, topical application, injection, and 
implantation of a porous device containing cells 
recombinantly expressing the infusion, implantation of a 
porous device in which the MART- 1 antibodies or chimeric 
antibodies, antibodies coupled to toxins, drugs or 
radiolabels or portions thereof are contained. 

The above described antibodies and antigen binding 
fragments thereof may be supplied in kit form alone, or as 
a pharmaceutical composition for in vivo use. The 
antibodies may be used for therapeutic uses, diagnostic 
use in immunoassays or as an immunoaf f inity agent to 
purify the MART- 1 protein or peptides as described herein. 

The present invention also provides a substantially 
purified and isolated nucleic acid sequence, designated 
c (complementary) DNA2 5 (Figures 4A and 4B; SEQ ID NO: 26) 
which encodes a second melanoma recognized by tumor 
infiltrating lymphocytes. The TIL which recognize the 
melanoma antigen encoded by CDNA2 5 are associated with in 
vivo tumor rejection. The TIL recognized the melanoma 
antigen encoded by CDNA25 in the context of HLA-A2 . 
Comparison of the CDNA25 nucleic acid sequence (Figures 4A 
and 4B; SEQ ID NO: 26) with the nucleic acid sequences for 
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genes encoding a melanocyte -melanoma specific protein 

SPlOO snows this seance to be similar" 

from the prevxously identified sequences for gpaoo 

~ • MaM Arari c -'"rr- (USA) 88-9228 . 
(Maresh et^l ( 1994) nMa , 88.9228-9232) and ME20 

(1994) SNA a nd rv»U Rinl^ 13-87-95) 
The CDNA25 sequence provided he^^Pi! 
4B; SEQ ID NO 26) differs from !h (Fl ^es 4A and 

(1991) Proc Natl e sequence (Kwon et al . 

f . - ' Acad qn»nnn r (USA) 88: 9228-92^ K 

three nucleotides = - *^8-9232) by 

£f* -s 7 - 95 , by . single nucleoe J £ ^jf^ 

tiie amino acid IpvpI ^^rence. At 

differs from th Pr ° tein en<= ° ded ^ cDN ^* 

M32295) bv 95100 " (GSnBank Accession # 

M32295) by one amino acid at position 162 h„ . 

acid difference ™ ■«-• 62 ' by a two amino 

encode for a di „ ° ~ ' Theref ° re - CDNA2 5 appears to 
(Figures 4A and 4B; SEQ ID NO- „> I!! SeqUenCe 

seances may oe due to PcZ^orpMs^^^^^r^a 9 ! 100 

or tn mnh 3 ^; ...... . ' dXJ - e -»--J-c variations. 

«n reauit from point muta " t ^ *? 

inactive gene (Boon, T ( 1992) J" ^ re91 ° n of che 

58 = 177-210). advances 1n n,„„r P.-- rr -|., 

analogs thereof ^ sequences provided herein or 

27 an! 121' tnas " d ?A; SE0 10 

121). These immunogenic peptides represent 
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antigenic portions of the gplOO protein (Figures 5A and 
7A; SEQ ID NOS: 27 and 121) recognized by TIL. Examples 
of immunogenic peptides include, but are not limited to, 
LLDGTATLRL (peptide G10-4; SEQ ID NO: 33), VLYRYGSFSV 
(peptide G10-5; SEQ ID NO: 34), ALDGGNKHFL (peptide G10- 
22; SEQ ID NO: 35), VLKRCLLHL (peptide G9-19 SEQ ID NO: 
36), VLPSPACQLV (peptide G10-8; SEQ ID NO: 37), SLADTNSLAV 
(peptide G10-9; SEQ ID NO: 38), SVSVSQLRA (peptide G9-216; 
SEQ ID NO:39), YLEPGPVTA (peptide G9-280; SEQ ID NO:40), 
LNVSLADTN (peptide G10-400; SEQ ID NO:41), KTWGQYWQV 
(peptide G9 1S4 ; SEQ ID NO: 46; Figure 7A; amino acids 154 to 
162), KTWGQYWQVL (peptide G10 1S4 SEQ ID NO:47; Figure 7A; 
amino acids 154 to 1C3), ITDQVPFSV (peptide G9 209 , SEQ ID 
NO:48; Figure 7A; amino acids 209 to 217) and TITDQVPFSV 
(peptide G10 208 ; SEQ ID NO: 49; Figure 7A; amino acids 208 
15 to 217) . This invention further includes analogs of these 
immunogenic peptides derived from gplOO amino acid 
sequence (Figures 5A and 7A; SEQ ID NOS: 27 and 121) . The 
term analog includes any peptide which displays the 
functional aspects of these immunogenic peptides. The 
term analog also includes conservative substitution or 
chemical derivative of the peptides as described above. 
These immunogenic peptides may be synthetically or 
recombinantly produced in the same manner or fashion as 
described above for MART- 1 . 

In yet another embodiment of this invention, 
immunogenic peptides derived from gplOO sequences (Figure 
5A and Figure 7A; SEQ ID NOS: 27 and 121) are modified to 
increase immunogenicity by enhancing the binding of the 
peptide to MHC molecule with which the peptide is 
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associated when presented to T- cells Bv w a * 
^ications -y incl.de the su^ n ' 

irnmunogenxc p eptide sequence, or insertion of • 
within the qiven ■ tl0n of ^no acids 

derivitiJt- ^nogenxc peptide sequence or 

derxvxtxzatxon of existing amino acids within th. ■ 

-Lease one amino anV -i ^ 
substituted or replaced in the aiv.n ■ 

sequence. Any amino » immunogenic peptide 

Any ammo acid composinq the oiven • 
Peptide sequence may be modifL immunogenic 
invention Anv „ m ■ modlfl ^ xn accordance with this 

replaceTa ^ be USed t0 substitute or 

replace a given amino acid within t-h« • 

immunogenic anion .» ^ modified 

presented to the T-cell. 

By way of example peptides recognized by , c! „ . 
the context of HIA-A2 are 9 t-n ,n ln 
Preferabiy for enhan!*!- „ aCidS in len * th - 

the second posit'cTal T * " 

hydrophobic^InoTc d p«^T"-1 ^ - ' 
*"ino acids. The second a^Phatic hydrophobic 

^rophobic J£ ac d " '"^ 

leucine SUCh SS ' buC "° c "«i"d to, 

^ycine'oraTa™' Tt"* 

•Position . or 10 ^ ?JZZZZ?~£ 

a co valxne, leucine, alanine, leucine • 
glycine, methionine, valine, or threonine 

The first and third positions of th a • 
peptide may be substitute* Sltl ° nS ° f the immunogenic 

a=id, prefLabi! h , " replaCed with any amino 

preferably, hydrophobic aliphatic amino acids or 
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aromatic amino acids. Examples of amino acids that may be 
used at the first or third position of the peptide 
include, but are not limited to, alanine, leucine, lysine, 
isoleucine, glycine, methionine, valine, threonine, 
tryptophan, phenylalanine, serine, lysine or tyrosine. 

Examples of gplOO peptides that may be modified in 
accordance with the present embodiment include, but is not 
limited to LLDGTATLRL (peptide G10-4; SEQ ID NO: 33), 
VLYRYGSFSV (peptide G10-5; SEQ ID NO: 34), ALDGGNKHFL 
(peptide G10-22; SEQ ID NO: 35), VLKRCLLHL (peptide G9-19 
SEQ ID NO: 36), VLPSPACQLV (peptide G10-8; SEQ ID NO: 37) 
SLADTNSLAV (peptide G10-9; SEQ ID NO: 38), SVSVSQLRA 
(peptide G9-216; SEQ ID NO:39), YLEPGPVTA (peptide G9-280; 
SEQ ID NO:40), LNVSLADTN (peptide G10-400; SEQ ID NO:41), 
KTWGQYWQV (peptide G9 1S4 ; SEQ ID NO:46; Figure 7A; amino 
acids 154 to 162), KTWGQYWQVL (peptide G10 154 ; SEQ ID 
NO:47; Figure 7A; amino acids 154 to 163), ITDQVPFSV 
(peptide G9 209 , SEQ ID NO: 48; Figrure 7A; amino acids 209 to 
217) and TITDQVPFSV (peptide G10 2oe ; SEQ ID NO: 49; Figure 
7A; amino acids 208 to 217) . 

By way of example modified gplOO peptides derived 
from the immunogenic gplOO peptide KTWGQYWQV (SEQ ID 
NO: 46) may have the formula X 1 X 2 X 3 GQYWQX 4 (SEQ ID NO: 123) 
wherein : 

X x may be any amino acid, preferably any hydrophobic 
25 aliphatic amino acid, or aromatic amino acid. Examples 
of amino acids that may be used include, but are not 
limited to, alanine, leucine, lysine, isoleucine, glycine, 
methionine, valine, threonine, tryptophan, phenylalanine, 
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lysine or serine, aspartic acid or tyrosine- 

alinw" 3 !^ ^ hydr ° Ph0biC ^ ino a*". Preferably any 

that ma"^ 7 Ph ° biC amia ° aCid " ™* S ° f -ino acids 
that may be used include, but are not limited to, leucine 

methionine, isoleucine, alanine/threonine, glycine or 
valine. Most preferably leucine, methionine or 
isoleucine. 

alioh=Lr y bS aICin ° fnfo * 1 ' «W hydrophobic 

•Uptatie ammo acid or aromatic amino acid. ExampL of 

to alanine, leucine, lysine, isoleucine. x ine 

™"ts ■ Vali0e ' Chre ° nine ' e-n^ianine. 
serine, lysine, or tyrosine; 

aliphL"^ ^ hyir ° ph0bic -i»o acid, preferably an 

thafmaTbe T biC ^ ° £ -inc. a cids 

that nay be used include, but are not limited to valine 
leucine, isoleucine, methionine, alanine, threonine L ' 

Examples of modified peDtide= =,,»- e u 
a ^v-„<r ^ pepciaes are shown m Table is 

™ m0difiEd PeP " de ^ K ™™ <«-»«-2I, <SE 0 
209 seo ID N0 ,48> may be modified, such modified peptide, 

the 9enerai for ™ uia x ' x *°— < '«> x, ko p :l; r 

aliphl'" 5 ' bS My ^ aCid - »™ f <~**>ly «y hydrophobic 
~ ^ ™° aCid ' ° r acid. Espies of 

rrT.T" Cnat "" y b£ USed in <^e. but are not limited" 
to, leucine, methionine, alanine, isoleucine, valine 
threamne. Glycine, lysine, phenylalanine, tryptophan or 
tyrosine, aspartic acid or serine; 

Mr X ' "** bS My ^ophobic amino acid, preferably a 

that may be used include, but are not limited to, leucine 
methionine, alanine, isoleucine, valine, threanine, T 

glycine; ' 
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X 3 may be any amino acid, preferably any hydrophobic, 
aliphatic amino acid or aromatic amino acid. Examples of 
amino acids that may be used include, but are not limited 
to, leucine, methionine, alanine, isoleucine, valine, 
threonine, glycine, lysine, phenylalanine, tryptophan, 
tyrosine, aspartic acid or serine; 

X 4 may be any hydrophobic amino acid, preferably any 
hydrophobic aliphatic amino acid. Examples of amino 
acids that may be used include, but are not limited to, 
leucine, methionine, alanine, isoleucine, valine, or 
threonine; . 

Examples of modified peptides derived from ITDQVPFSV 
are shown in Table 16. Preferably the peptide FLDQVPFSV 
(peptide G9-209-1F2L) is used. 

By way of example modified gplOO peptides derived 
from the immunogenic gplOO peptide YLEPGPVTA (G9-280; SEQ 
ID NO: 40) may also be modified to enhance binding to MHC 
Class I molecules, preferably HLA-A2 or subtypes thereof. 

The modified peptides may have the general formula 
X,X 2 X 3 PGPVTX 4 (SEQ ID NO: 125) wherein: 

X! may be any amino acid, preferably a hydrophobic 
aliphatic amino acid or aromatic amino acid. Examples of 
amino acids that may be used include, but are not limited 
to, leucine, methionine, alanine, isoleucine, valine, 
threanine, glycine, lysine, phenylalanine, tryptophan, or 
tyrosine, aspartic acid or serine; 

X 2 may be any hydrophobic amino acid, preferably an 
aliphatic hydrophobic amino acid. Examples of amino acids 
that may be used include, but are not limited to leucine, 
methionine, alanine, isoleucine, valine, threonine, or 
glycine ; 

X 3 may be any amino acid, preferably any hydrophobic 
aliphatic amino acid, or aromatic amino acid. Examples of 
amino acids that may be used include, but are not limited 
to, leucine, methionine, alanine, isoleucine, valine, 
threanine, glycine, lysine, phenylalanine, tryptophan, 
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tyrosine, aspartic acid or serine; 

X 4 may. be any hydrophobic amino acid preferably an 
aliphatic hydrophobic amino acid. Examples of amino acids 
that may be used include but are not limited to, leucine 
meth.on.ne, alanine, isoleucine, valine, threonine, or 
glycine. 

Examples of modified peptides derived from YLEPGPVTA 
(G9-280, SEQ ID NO:40, are shown in Tafcle 17 . A pr J e ™ 
modxfxed peptic is YLEPGPVTV (G9-280-9V) (SEQ ID NO • 104 ) 

M -f / inVenti ° n fUrther inclu <^ analogs of these 
modxfxed peptides derived from the g P - 10 0 sequences 

seTis 3 ™ T,T n (Figure 5A; SEQ ID NO:27 and ™°» ™ 

SEQ ID N0:121) . The term analog is inCended to include 
any peptxde which displays the functional aspects of these 
modxfxed peptides as described above. These modified 
peptides may be synthetically or recombinant^ provided by 
conventional methods. ° Dy 

in another embodiment the immunogenic peptides 
derived from g pl00 amino acid sequences or modified gpxoo 
peptides as shown in Tables 15 - 17 or analogs thereof may 
be used as a vaccine either therapeutically or 
prophylactically. When provided, prophylactically the 
vaccxae is provided in advance of any evidence of 
melanoma. The prophylactic administration of these 

™i S . Sh ° Uld ^ P ~ ~ — —ma in 

In a preferred embodiment, mammals, preferably 
-umans, at high risk for melanoma are prophylactically 
treated with these vaccines. Alternatively, the vaccL 
may be provxded therapeutically to enhance the patients 
own xmmune response to the tumor antigen prescribed on the 
melanoma or metastatic melanoma. The vaccine, which acts 
as an xmmunogen, may be a cell, cell l ysa te from cells 
transfected with a recombinant expression vector carrying 
a nucleic acid sequences encoding gpioo immunogenic 
peptxde or a culture supernatant containing the expressed 
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protein. Expression vectors into which nucleic acid 
sequences encoding these immunogenic peptides may be 
introduced are the same as those described above for MART- 
1. Alternatively, the immunogen is a partially or 
substantially purified recombinant gplOO peptide or analog 
^ thereof . 

While it is possible for the immunogen to be 
administered in a pure or substantially pure form, it is 
preferable to present it as pharmaceutical compositions, 
formulations or preparations as described above for MART- 

10 1. Vaccination can be conducted by conventional methods 
previously described above for MART- 1 . 

The gplOO immunogenic peptides and nucleic acids 
sequences encoding them may be used in bioassays, or to 
generate antibodies in the same manner or fashion as 

15 described above for MART- 1 . 

In yet another embodiment of this invention, 
multivalent vaccines against one or more melanoma antigens 
are provided. Such multivalent vaccines may comprise all 
or part of the MART- 1 protein peptides or modified 

20 peptides or gplOO peptides or modified peptides or 
combinations thereof . 

Previous identification of genes encoding melanoma 
antigens have utilized PBL isolated from melanoma patients 
immunized or pretreated with antigens (Van Der Bruggen et 

25 al. (1991) Science 254: 1643-1647; Brichard et al . (1993) 
J . Exp . Med - 178: 489-495; Traversari, C, et al . (1992) 
J. Exp. Med. 176: 1453-1457). A preferred strategy is to 
identify genes coding for tumor antigens that are 
recognized by TIL from tumor-bearing patients, in the 

30 absence of immunization of said patients. Such a strategy 
enhances the possibility that the genes identified code 
for antigens involved in the natural immune response 
against the growing cancer. Thus, this invention also 
provides a method of identifying genes encoding melanoma 

35 antigens utilizing cDNA expression cloning using tumors 
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infiltrating lymphocytes isolated ^ttt > <= 

patients afflicted with 1 m the tUmor of 

iiccea with melanoma. The mot-hr,^ „ 
the following steos- • n method comprises 

melanoma: (h) -i rn->-~^ ■ LCtea with 

said til, d s ' f exposin9 saw »»• - 

encoded by said cdna """*■ ±0n ° f " 

said TIL- and ^ — 11 « recognized by 

s-d j; 3 :r r re ™- <° 

inciuding, but not united to tL ~ 1 * aa " 

subcutaneous tissue or visce^l „1 ^ leSiM ' 

that may be used Co D „I f ° r9anS - Examples of cells 

«W. inLude. but a,e not'!- ^ U " d in 

melanoma ceUs p", Um " Sd t0 ' fresh ° r cultured 

^ p «ferably, the cDNA library is 

introduced into mammalian cell. „„,. 

antigens t £ non „ " S n0t passing melanoma 

expressing ™ ^ ~ 

- m are used in s^" ^s ^ ~ LTbT ^ * 
cotransfected with an ma „. 

Exan.ni * 3 nB as Scribed below 

Examples of cells whirh w ow ' 

18 wnxch can be used in stpn /ki 

"»t are not lifted to. tumor cell lines ^ h ^ 
cancer cell line » a 231 (ATCC T H ™T' T " 
(ATCC (tCRL 1651) Examnl - ' ° F C ° S 7 Cells 

-elude, but t-L-T.^ ~ - — 

haplotype of Che'tumor cell * 1 ^ » <* 

cr»A library, standard methods cl IT , *" Che 

Che haplotype recognized by tt Z isolT," 

^^J^mmX , 2 nd Editi 0 ?J 90) l , tMHI 

evaluate recognition of the , ' ' fT 91 " ° £ h ° w «=« 
clone express!™ » . containing the cDNA 

expressing an antigen recognized by the til 
includes, but is not limited to, y-inte4er™ 

y interferon assays, TNF 
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secretion (Van de Bruggen et al . , (1991) Science 254:1643- 
1647) or lysis of cells transf ected with cDNA encoding for 
the recognized antigen. Such assays are performed by 
conventional methods known to one skilled in the art. 
Melanoma antigens can be isolated by or rescued by PCR 
using primer specific to flanking site of vector 
containing the cDNA. Examples of how to isolate the cDNA 
corresponding to the antigen recognized by the TIL 
include, but are not limited to, PCR. 

Once the genes or nucleic acid sequences encoding 
melanoma antigens are identified, the next step is to 
determine the antigenic portion or epitope of the protein 
encoded by these genes. Therefore, in yet another 
embodiment of this invention, a method is provided for 
assessing the immunogenicity of peptides derived from the 
predicted amino acid sequences of the MART- 1 protein 
(Figure 1; SEQ ID NO: 2) or gplOO protein (Figure 5A and 
Figure 7A; SEQ ID NO: 27 and SEQ ID NO: 121) . The method 
comprises the steps of: (a) preparing a plurality of 
peptides based on the MART- 1 (Figure 1; SEQ ID NO: 2) or a 
gplOO (Figure 5A and Figure 7A; SEQ ID NO: 27 and SEQ ID 
NO: 121) amino acid sequence; (b) incubating at least one 
of said peptides with a mammalian cell line; (c) exposing 
said mammalian cells incubated with said peptide to tumor 
infiltrating lymphocytes (TIL) ; and (d) screening for 
recognition of TIL with said cells incubated with said 
peptide. It is preferred that peptides of about 25 to 5 
amino acids be used, more preferably 20 to 10 amino acids 
and most preferably 9-10 amino acids. Examples of cells 
that may be used in step (b) include, but are not limited 
to, T2 cells, (Cerundolo, V. et al . (1990) Nature, 345: 
449-452) or EBV transformed B cell lines (Topalian et al . 
(1989) J. Immunol. 142: 3714-3725) . Examples of how to 
assess recognition of the cells incubated with peptide 
include but is not limited to, 51 CR release cytotoxicity 
assay (Cerundolo, V. et al . (1990) Nature 345:449-452.) or 
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IWhokine assays such as 7 - IBH or TO secretion 
(Schwartzentruber, d. et al (1991 , j nf T 
146:3674-3681). ' ° f Tr ^ gI°2Y 

T cells recognize antigen complexed with MHC ri* ae , 
molecules m 6 mrr i . Mn< - Class 1 

uies. The MHC locus in all mammalian species 

contaxns numerous genes and is highly polymorphic 
Different MHC molecules or h»«w 

antigens m h haplotypes types bind different 

mi l « S C ° mpleX COntains ^e HLA-a 

of Lass : L™™r :::r ns on the cm 

recombinant MAR T -l exD ess COntaini ^ the 

the TIL b„r Session vector are to be screened by 

the TIL but are not human cells, such as COS cells or «n 

not express a desired h»r,w ceils, or do 

chaining an ml s Ti l " ™«« 

the cells' ll\ I™' alS ° ^ lntr0dU " a inC ° 

haplotype is LtlZL /t ^ *^°Priate 

whL tie libra" T " ° £ the «■« «». 

genes chat ~ T EXainpleS ° f «= cl *« I 

genes tha t » y be usea lnc:ludei ^ ^ ^ 

HIA-A, HIA-B and HLA-c genes r__,. 

specificities cr restriction^ Preferred MHC 

lifted to HtA-Al HLA A2 * M " 

u ™ ai, HLA-A2 , such as the HLA-A2 i ,„ h , 

or HLA-A24 (Zemmour. J. et al ,,.„, „. «<*>typ., 

„„.,., ■ • et al. (1992) Tism. a,,-^ 

—t Preferred is the HLA-A2.1 gene 

by th TcZl7t- alS ° inCended " bS —massed 
herein. ™ therapeutic applications described 

All booto. articles, and patents referenced herein 
are ln =orporated by reference in their entirety. The 
following examples illustrate various aspects of the 
t~r n "* ^ " t "«— " -e scope 
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Cloning of a Gene Coding for a Shared 
Human Melanoma Antigen Recognized by 
Autologous T Cells Infiltrating Into Tumors 

Example 1 

Generation of cytotoxic T lymphocytes (CTL) and culture of 
cell lines 

CTL were generated from excised tumor specimens by 
culturing a suspension of cells with 6000IU/ml of IL-2 
(Cetus -Oncology Division, Chiron Corp. Emeryville, CA) for 
30-70 days as described in Kawakami, Y. , et al . (1988) J. 
Exp. Med. 168:2183-2191. TIL501 and TIL1235 were 
predominantly CD8 + and were derived from the tumor 
specimens of patients with advanced metastatic melanoma. 
The CD8* T cell clone, TIL501.A42, was established by 
limiting dilution methods and cultured with 12 0 IU/ml of 
IL-2 plus irradiated (once a week for 4 to 6 times) 
autologous tumor cells. 

Melanoma cell lines, 397mel, SOlmel, 526mel, 537mel, 
624mel, 888mel, 952mel, and Epstein-Barr virus (EBV) 
transformed B cell lines, 501EBVB, 836EBVB were 
established in our laboratory and cultured in RPMI1640 
(GIBCO/Lifetechnologies, Grand Island N.Y.) medium 
containing 10% fetal calf serum (FCS) (Biofluids, 
Rockville MD) . (Topalian et al., (1989) J. Immunol. 142: 
3714-3725) Normal cultured melanocytes, NHEM483, NHEM493, 
NHEM527, NHEM529 , NHEM530, NHEM533, NHEM616 and NHEM680 
were purchased from Clonetics, San Diego, CA, FM725, 
FM801, FM9 02 were provided by M. Herlyn, Wistar Institute, 
Philadelphia PA, HA002 was provided by R. Halaban, Yale 
university, New Haven, CT and cultured in melanocyte 
growth medium (MGM, Clonetics) . Melanoma cell lines, C32, 
RPMI7951, WM115, A375, HS695T, Malme3M, colon cancer cell 
lines, Collo, SW480, WiDr, breast cancer cell lines, 
MDA231, MCF7, HS578, ZR75, neuroblastoma cell line, SK-N- 
SH, glioma cell lines, U138MG, HS683, H4 , sarcoma cell 
line 143B, embryonal kidney cell line 293 transformed with 
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aden ims type $ ^ ^ ^ 

Henal cancer cell lines. UO K108 end UOK117 were prcvidef' 

eel " LI" h"! 1 ^^ 65 "' ^ ~" «« ^ centr 

lines TP7i aiia s, TX. Ewxng's sarcoma cell 

BethLa md "'J*' -» * «• T Mk os, H l„, 

ethesda, md. The neuroblastoma cell line, SK-N-AS was 
provided by 0.1. El Badry. NIH, Bethesda. MD. n>7 
P asmacytoma cell line, HMY-C1R and the Ml fibroMast cell 

' I Pr ° ViaSa ^ W ' Bidd --. «H, Bethesda, md 

Kidney epxthelial cells, KAM, WLC were provided ^' 
D^.Hazen-Martin and D.A.Sens, Medical University of South 
Carolina, Charleston South 
CO^ ° a ' SC " The monke y Sidney cell l ine 

WaS Pr ° Vided b ^ w - ^onard, m . Bethesda, md. 

Cytotoxicity assay 

taJ? " leaSe " ere P-«ormed as described in 

^IIT J" " <1988 ' J - *»• Med ' "3:2183-2191 

with :°° ta h rsec ^ mixe r- 

hotsT™" ^ ^ "* *» = 

calculated. 

release assay 

4x!0< 'iTlll r th ° USand cells ana 

4X10 10 stimulator cells were mixed in 3 00ul of aim-v 

medium containing l 20ro/al IL-2 per well in a 9 S fw , 

»icroplate. After incubation for 20h Lul o 

immunosorbent assay (Blt8A) plate (II ^ nopl ™Z ±So Z 

antibody ,mAb> (Biosource, Camerillo, CA, . After 
overni 3 ht incubation at ,-c. the plates were washed 3 
times and lOOul of a 1:2 000 dilution of rabbit anti-human 
IFN-7 polyclonal antibody ,Ab, (Biosource. Camerillo Z 

z^Trr* incubated at 3? ° c <» 2 >• 

"ashed 3 t lm es, and lOOul of a 1: 2000 dilution of 



WO 95/29193 




PCTAJS95/05063 



- 56 - 

o 

alkaline phosphatase labelled goat anti- rabbit IgG 
polyclonal antibody (Ab) (Boehringer Mannheim, 
Indianapolis, IN) was added. After a 1 h incubation at 
37° C, lOOul of 4mg/ml p-Nitrophenyl phosphate (Sigma, St 
Louis, MO) was added, incubated for 10-20 min at room 
5 temperature in the dark, and 25ul of IN NaOH was added to 
stop the reaction. Optical density was measured at 405nm 
wave length and the concentration of IFN-7 was calculated 
in comparison to recombinant IFN-7 standards (Biogen, 
Cambridge, MA) measured in the same assay. 

*0 cDNA expression cloning 

A cDNA library was constructed from poly A RNA from 
the HLA- A2 + melanoma cell line, SOlmel as described in 
(Miki, T., et al . , (1989) Gene; 83:137-146 Miki et al . 
(1991) Proc. Nat. Acad. Sci. USA 88:5167-5171). Briefly, 

15 first strand cDNA was synthesized with a linker primer 

GGACAGGCCGAGGCGGCC (T) 40 (SEQ ID NO: 42) followed by second 
strand cDNA synthesis. After treatment with T4 DNA 
ligase, an Sfil adaptor consisting of two 
oligonucleotides, CCAATCGCGACC (SEQ ID NO: 43) and 

20 GGTCG CG ATTGGTAA (SEQ ID NO: 44) was ligated to the end of 
the cDNA. The cDNA was digested with Sfil and the 
digested fragment was isolated by passing through a spun 
column. The cDNA was then mixed with bacteriophage 
\pCEV2 7 (Miki, T. et al M (1991) Proc. Natl. Acad. Science 

25 (USA) 88: 5167-5771) vector arms prepared by Sfil 

digestion and in vitro packaging was performed. 

To screen for melanoma antigens, lOug of the 
amplified cDNA library containing approximately 10 7 clones 
was transfected into the HLA-A2*" antigen non- expressing 

30 cell lines, MDA2 31 clone 7 and A3 75 clone 1-4 using a 

modified calcium- phosphate method (Mammalian Transfection 
Kit, Stratagene) . After G418 (BRL, Gaithersburg , MD) 
selection, individual colonies were isolated and cultured 
in 9 6 well microplates and replica plates were made. A 

35 mixture of 5xl0 4 TIL1200 and 5xl0 4 TIL1235 was added to the 
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SNA sequencing of the cloned genes was performed ov 
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dideoxy chain termination method with dGTP and 7-deaza- 
dGTP. DNA and protein sequences were analyzed by the GCG 
program with GeneBank, and EMBL Data Library nucleotide 
databases and SWISS - PROT , PIR, GenPept, Brookhaven Protein 
Data Bank protein databases. 
^ Northern blot analysis 

Total RNA was isolated by the guanidine- 
isothiocyanate- cesium chloride centrif ugation method. 
(Chirgwin, J.M. et al . (1979) Biochemistry 18: 5294). 
Total RNA from normal tissue was purchased from Clontech, 

!0 (Palo Alto, CA) . Ten to twenty micrograms of total RNA 
was subjected to electrophoresis in a 1% agarose 
formaldehyde gel and transferred to a nylon membrane 
(Duralon-UV membranes, Stratagene, La Jolla, CA) The Sal 
I digested fragment containing the full length cDNA from 

15 clone 22 and the fi-actin cDNA (Clontech) were labeled by 

random priming and used as a probe. Hybridization with the 
probe was performed according to the QuikHyb protocol 
(Stratagene) at 68 C for 2-16 h. Membranes were washed 
two times with 2XSSC/0 . 1%SDS at 60 C for 15 minutes (min) 

20 and once with 0.1XSSC at 60 C at for 30 min and then 
autoradiography was performed. 

Characterization of cultured TIL from melanoma patients 
Multiple TIL lines were established from HLA- A2 + 
melanoma patients and tested for lysis of melanoma cell 

25 lines from HLA-A2 + and HLA-A2' patients. HLA typing of 
patients is performed by conventional HLA typing 
techniques. HLA-A2 was selected because it is the most 
frequently expressed class I MHC antigen (about 50% of 
individuals) and has been shown to be a dominant 

30 restriction element for the recognition of melanoma 
antigens (Crowley, N.J., et al . (1991), J. Immunol. 
146:1692-1694) . TIL501, TIL1235 and TIL1200 exhibited 
specific recognition of shared melanoma antigens in an 
HLA-A2 restricted fashion. TIL501.A42 was a T cell clone 

35 established from TIL501 by limiting dilution. These TIL 
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caused lysis or released cytokines including ifn- 7 ^ 
and GM-CSP when cocultured with a variety of HLA- A2 * 
melanoma or melanocyte cell lines but not HLA-A2' melanoma 
ixnes or HLA-A2 non-melanoma cell lines including th e 
breast cancer cell line, MDA 231. Two representative 
experiments are shown in Table l. Thus, these CTL seemed 
to recogmze a non-mutated peptide derived from a 
melanocyte lineage specific antigen. 

Cl0 £?LZi CDm CO±Ln * for ^lanoma 
antigens recognized by T cells 

a cdna library £rom che 501mel 

line «as transfected into two hi ghly transferable HLA- 
«.l cancer cell l ines . ^31 and A375. These cell 
Unes were not lysed by melanoma specific TIL but were 
lysed by HLA-A2 restricted influenza m specific CTL after 
incubation with the Ml^ peptide {GILGFVFTL; single 
letter code ,SE 0 ir, „o :45 , derived the influen2e 
protein or infection with a recombinant vaccinia virus 

" ™ M1 ^ (data m Sh0 " nl - <*~» cell 

a^^l tvtut 1 "" a0rM1 anti3en PrOCeSSi " 9 "* P™ing 
ability but were not lysed by these melanoma-specific til 

an™" ^ITT °' ^ 

srown in microplates. Usi^ tt I " Zl^Z 7, 
»«3i and 27 A37 5 positive clones J. isolated and" 

rescreened. Of these clones, eiaht md«„ .„„ .... 

clones were positive in a second'screening a~ssay"" = " ~" 

In order to rescue the integrated genes, PCE usin, 
genomic DNA from these positive transfectants was 
performed with SP6 and T7 primers flanking the insert 
genes Eight genes that were amplified from the seven 

1.6Kb band from mda-22 and MDA-23 transfectants. were 
subcloned into the pan cloning vector, and then further 
Cloned ln tc the p= DNA 3 e Ult aryotic expression vector Tne 
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1.6Kb band detected by Northern blot analysis with the 
cDNA 22 probe suggested that this fragment was a full 
length cDNA. 

Transient transfection of the expression vector 
pcDNA3 containing the cDNA from clones 22 or 23 into 
either COS7 or 293 cells along with the HLA-A2.1 gene 
conferred reactivity to TIL1235 and TIL501.A42 as 
demonstrated by the specific release of IFN-y (Table 2, 
Experiments 1 and 2) . Stable transfection of these cDNA 
fragments into MDA 231 or A3 75mel cell lines also 
conferred reactivity to TIL1235 and TIL501.42 (Table 2, 
Experiment 3). TIL501.A42 could lyse MDA231 stably 
transfected with cDNA 22 (data not shown) . These results 
indicated that these cDNAs encode a melanoma antigen 
recognized by HLA-A2 restricted TIL from melanoma 
patients. Transfection of another clone, MDA-25 stimulated 
the release of interferon-y only from TIL 1200. 
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Characterization of this cDNA revealed it to be similar, 
but distinct, from a previously described melanoma antigen 
gplOO recognized by monoclonal antibody KMB45. This clone 
is described in more detail in Example 3. 

The cDNA sequence of clones 22 and 2 3 were identical 
except at a single base that was believed to be a change 
introduced by PCR. Two other independently amplified 
fragments were also sequenced to clarify this region and 
the consensus sequence is shown in Figure 1. The longest 
open reading frame in this gene consists of 354 bases 
corresponding to a 118 amino acid protein of 13kd. This 
sequence did not show significant similarity to any 
complete nucleotide or protein sequences in established 
databases. Amino acids 27-47 consist of a hydrophobic 
region that may contain the HLA-A2 binding peptides (Falk, 
K., et al. (1991), Nature 351:290-296; Hunt, D.F., et al . 
(1992), Science 255:1261-1263; Ruppert, J., et al . (1993), 
Cell 74:929-937; Nijman, H.W. , et al . (1993), Eur. J. 
Immunol . 23 : 1215 - 1219 ) . The antigen encoded by the cDNA 
22 and 23, was designated the MART - 1 antigen (Melanoma 
Antigen Recognized by T cells -1) . Of the ten HLA-A2 
restricted TIL lines generated nine recognized MART- 1 , and 
four recognized a form of gplOO isolated and described 
herein (see Example 3) and none appeared to recognize 
MAGE - 1 (Zakut, R. , et al . (1993), Cancer Res 53:5-8.; data 
not shown) . 
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Expression of MART-1 
Northern blot analysis of a variety of cell lines 
including melanoma, melanocyte and nonmelanoma cancer cell 
lines and normal tissues was performed to evaluate the 
expression of the gene coding for MART- l (Table 3). Seven 
of ten HLA- A2 + melanoma cell lines, all four HLA-A2" 
melanoma cell lines, and all seven melanocyte cell lines 
tested were positive for MART - 1 RNA expression. in this 
Northern analysis, all HLA-A2 + melanoma cell lines 
recently established in our laboratory expressed MART- l 
RNA. There was a perfect correlation between MART- l 
expression and lysis by TIL501.A42 in the 10 HLA-A2 + 
melanoma lines shown in Table 3. TIL 501. A42 which 
recognized the MART- l Ag lysed 13 of 17 (76%) HLA-A2* 
melanoma cell lines tested (data not shown) . Of ten 
normal human tissues examined for mRNA expression by 
Northern blot analysis only retina was positive. No 
positivity was seen in any cell lines from T cells, B 
cells, kidney epithelial cells or fibroblasts or in 19 
nonmelanoma tumors. It thus appears that MART- l is a 
previously undescribed antigen expressed on melanocyte 
lineage cells from skin and retina that is also expressed 
on melanoma cells . 

Studies using a panel of T cell clones and 
immunoselected melanoma clones (Knuth, A., et al . (1989), 
Proc. Natl. Acad. Sri (USA) 86:2804-2808; Wolf el, T. , et 
al * < 1987 >' J- Exp. Med. 170:797-810), as well as studies 
analyzing HPLC fractionated peptides from melanoma cells 
(Slingluff, C.L., et al. (1993), J. Immunol. ignoocc. 
2963; Storkus, W.J. , et al . (1993), J. Immunol i^i . Q _ 
3727) suggest that multiple antigenic peptides that can 
provoke an immune response exist on melanomas. By cDNA 
cloning, two genes encoding melanoma antigens have been 
identified; MART-1 (Figure 1; SEQ ID NO. 1) and a gplOO 
gene (see Example 3; Figures 4A and 4B; SEQ ID NO. 26). 
MART-l and the form of gplOO identified herein (Figures 4 
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& 5A; SEQ ID NOS : 26 and 27) , both are recognized by HLA- 
A2.1 restricted TIL. The MART- I antigen is a 118 amino 
acid protein of approximately 13 kd. Neither the gene nor 
the amino acid sequence for MART- l have been previously 
described. 

5 MART- 1 RNA was expressed in 11 of 14 HLA-A2.1 

positive or negative melanoma lines, and 7 of 7 melanocyte 
lines. With the exception of retinal tissue no MART- 1 
expression was found on any normal tissue tested, T-cell 
lines, B-cell lines, kidney epithelial lines, a fibroblast 
10 line or 19 tumor cell lines from cancers of the colon, 
breast, brain, kidney, lung or bone. 

Another melanoma antigen, MAGE - 1 , has been described 
that is recognized by T cells derived from peripheral 
blood lymphocytes following repetitive in vivo or in vitro 

15 immunization (Van Der Bruggen, et al . (1991) , Science 
254:1643-1647) . 

The identification of genes associated with melanoma 
tumor antigens opens new possibilities for active specific 
immunization approaches to the immunotherapy of patients 

20 with cancer based on the introduction of these genes into 
viral or bacterial vector systems. The possibility exists 
that immune reactions induced against melanocyte -melanoma 
lineage antigens such as MART- 1 may be generated against 
normal cells. Vitiligo, probably resulting from anti- 

25 melanocyte immune reactions, has been reported to be 

associated with a favorable prognosis in patients with 
melanoma (Nordlund, J. J. , et al . (1983), J. Am. Acad. 
Dermatol . 9:689-695); Bystryn, J-C, et al . (1987), Arch. 
Dermatol . 123:1053-1055), and has also been reported in 

30 patients responding to chemo immunotherapy (Richards, J.M., 
et al. (1992), J. Clin. Oncol. 10:1338-1343). TIL with 
anti melanocyte -melanoma reactivities have been 
administered to patients with advanced melanoma 
(Rosenberg, S.A., et al . (1988) . . N Enal J Med 319:1676- 

35 1680; Rosenberg S . A. , J . Clin. Oncol . 10:180-199) and 
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although sporadic vitiligo has been seen in these 
patients, no adverse ophthalmologic effects related to the 
possible expression of these melanocyte antigens on 
retinal cells has been observed. 

Because HLA- A2 is present in about 50% of individuals 
and the HLA-A2 restricted MART- l antigen also appears to 
be wxdely expressed on melanomas, immunization with the 
MART-i antigen may be particularly useful for the 
development of active immunotherapies. 

Example "> 

Characterization Of 
Immunoqp.nic Epi tones nf MART-i 

Generation of melanoma specif ±c CTL lines and a clone from 

Melanoma specific CTL lines were generated by 
culturing a single cell suspension made from metastatic 
melanoma with 6000U/ml of IL2 (Cetus -Oncology Division 
Chiron Corp. Emeryville, CA) as previously reported 
(Kawakami, y. et al . , (1988) j. 168:2l83) a t . 

cell clone, A42 was established by limiting dilution 
methods from patient, 501. 

Assessment of antigen recognition by CTL 
s, Cr release cytotoxicity assays and cytokine release 
assays using ELISA to measure IFN- Y , GM-CSF and TNF-a were 
performed to analyze the reactivity of TIL a « d oo^v_< ,_ 
Kawakami, y. e t al . (i 988 ), J. Exn . m»„ 168:218 (aee ~ ^ 
Example l) . Melanoma cell lines were established in the 
laboratory. For analysis of the recognition of known 
antagens by TIL, the C0S7 cell line transfected with cDNAs 
encoding either, MART- l , gpioo, or tyrosinase related 
protein (gp75) (Cohen, T. et al . , (1990) Nucleir a ,^ c 
Exarch 18:2807, along with HLA-A2.1 cDNA were incubated 
with TIL for 20h and the amount of IFN- 7 secreted into the 
supernatant was measured by ELISA as described in Example 
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1. The cDNA encoding MART- I (see Example 1) or gplOO (see 
Example 3) in plasmid pcDNA3 (Invicrogen, San Diego, CA) 
was cloned from a SOlmel melanoma cDNA library by 
screening with TIL1235 or TIL1200, respectively (see 
Example 1) . The cDNA encoding tyrosinase related 
protein (gp75) in pCEV27 plasmid was isolated from SOlmel 
melanoma cDNA library using a probe generated by PCR based 
on the reported sequence of gp75 (Cohen et al . (1980) 
Nucleic Acids Research 18:2807). 



Peptide synthesis and identification of antigenic peptides 

Peptides were synthesized by a solid phase method 
using a Gilson AMS 422 multiple peptide synthesizer. The 
peptides were purified by HPLC on a Vydac C-4 column with 
0.05% TFA/water-acetonitrile. To identify the antigenic 
15 peptides, TIL lysis of T2 cell lines preincubated for 2h 
with each peptide was measured using a 5l Cr release 
cytotoxicity assay. 

HLA-A2 Restricted Melanoma Specific TIL 
20 HLA-A2 restricted melanoma specific CTL lines and a 

clone, A42, were established from lymphocytes infiltrating 
into tumors of 10 melanoma patients. These TIL recognized 
autologous and most allogeneic fresh or cultured melanoma 
cells expressing HLA-A2, but did not recognize HLA-A2" 
25 melanomas or HLA-A2* non-melanoma cell lines (Kawakami et 
al. (1992) J. Immunol 148:638). They also recognized HLA- 
A2 + normal cultured melanocytes derived from neonatal skin 
(see Example 1 and Kawakami, Y. et al . (1993), J. 
Immunot herapy 14:88). Thus, these TIL recognized non- 
30 mutated self -peptides derived from proteins expressed in 
melanoma and melanocytes in association with HLA-A2. 

Recognition of Additional melanoma proteins by TIL 
To evaluate the frequency of recognition of 4 
35 isolated melanoma proteins including MART- l , a form of 
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9P100 (Figure 5A; SEQ ID NO: „, see Example 3) 
tyrosinase related protein<aD7S) mo ' 
COS7 was tested on „, , , reactivity of TIL to 

encoding t 3 " " '"T "»»*•«•<« -1th c DH& s 
encoding / IT""" " "" h °" the <™* 

is shown in TaL 4 ^LTTl ^™ ^ > TIL 
melanoma specific TIL se re ed i™ T ^"""^ 
COS, cotransfected with ZT, l^oTrT 
which is a relatively ot , nly TILl 200 

compared to TXL620 6 60 ri a "'° UnCS " ^ 

—IX subset of T-cells ' in^h i SU39eS " n9 °« a 
recognized gpioo. 1" f ^ iTrV™ f 
this assay. Thus , ia ^coZ ^75 using 

recognised b y most HL^ rlsllZ^Z^ 
melanoma patients. aerived from 

to IT?? ca "° n of M4Kr - 1 epitopes *»• 

10 identify the mapt.i Qir . • _ 
Peptides were Ji.cT.TSLL T* ^ 23 

-tifs to HLA- A2 . 1 ^Falk K ~ T 

3S1-290- H„„, ~ (1993) """" 

351.290, Hunt. D. F. et al. (1992) , Ssien^s . 6 x . 

Ruppert. J. et al., (19931 Cell 74 I " f^ 1261 ' 

Purity, and screened b y testis lyslfof t^TTr 

K The T2 cell s (Cerundolo, v. et al. ; 
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all 4 HLA-A2 restricted melanoma specific TIL 1 
preincubated with . s P eclI;LC T "- tested when 

Both 10 TJ Peptides M9-2, H10-3. or M10-4 

«9 2 si " PePCidSS ' M10 " 3 "* M1 °- 4 -«ain the 
id at its N-termmus and M10-4 having an extra 
"leucine " iCS <=-"»i«»U end. These peptides are 
located in ; hydrophobic putative transmeirane "main in 
»RT 1 The same lysis was observed when other hla- M . 
cells incubated with these peptides were used as "™ t s 
including the K4B (provided by Dr Willie . " 9 " 
Stores, wetal. <„„, J^^;™; 

C™ Epstein-Barr v~ rln^d B eel ' 

(Topalian et al. f 19 sq ) t 

the'^ I ' **-*""Wal* "1:3719-3727, transfected with 
the HLA-A2.1 gene (data not shown) 

u were further purified and titrated in order to 
evaluate their relative ability to sensitise T2 cells o 
ysis by maht-1 reactive TIL1235 or T cell done A42 

-re^red^ ^ ~ »-« 

Z ln mini "™ concentrations of ing/ml 

« 10 °T" 1 ' rSSPe « i - 1 - ^ P-"ed M10-4 
was not recognized by TIL clone A42 even at loug/al as 

IT.:! _'*!""'•. »■'■ and MlO.fpeot Ls 

— -w. ^uognizea by either A42 or TIL1235. " " 
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Table 5 . ■ Lysis of T2 cells preincubated with synthetic 
MART- 1 peptides 
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20 
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Target Peptide 
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Twenty- three peptides (SEQ ID NOS:3-25) (12 9-mers and 11 
10-mers) (>90% purity) were synthesized and the lysability 
by TIL clone A42, TIL lines TIL1235, TIL660, and TIL1074 
derived from different patients was tested against HLA-A2* 
T2 cells preincubated with each peptide (lOug/ml) in a 4h- 
30 31 Cr release cytotoxicity assay at E:T ratio of 20:1 for 

A42 and 40:1 for other TIL lines. T2 cells were lysed well 
when incubated with M9-2, M10-3 and M10-4. M10-3 and M10-4 
contain the entire M9-2 sequence (underlined). 
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Recognition of MART-1 peptides 
by HLA-A2 restricted TIL 
established from different patients. 
To evaluate whether a variety of HLA-A2 restricted 
5 MART-l specific TIL recognized the same or different 
epitopes in the MART-l antigen, lysis of T2 cells 
(Cerundolo V. , et al . (1990) Nature 345: 449-452) 
preincubated with each peptide was tested with TIL derived 
from 10 melanoma patients. A representative experiment 
3 with 10 TIL is shown in Table 6 . M9-2 and M10-3 were 

recognized by 9 of 10 TIL (only TIL1200 were negative) as 
well as the A42 clone with the same pattern of lysis as 
COS7 cells cotransfected with cDNAs encoding MART-l and 
HLA-A2.1. Only TIL620 and TIL1088 demonstrated low level 
of non-specific lysis of T2 cells without peptides or 
after the addition of irrelevant peptides, but showed 
significant increase of lysis of T2 cells preincubated 
with M9-2, M10-3, and M10-5 peptides. The recognition of 
M10-4 differed among the TIL, but was similar to the 
different reactivity to M10-4 by the T-cell clone A42 or 
the T-cell line TIL1235 (Figures 2A and 2B) . Higher 
concentrations (lug/ml) of M10-4 were required for lysis 
than were required for M9-2 or M10-3. These 10 TIL and 
clone A42 also secreted cytokines including IFN-y, GM-CSF 
and TNF-or when incubated with T2 cells preincubated with 
M9-2 or M10-3 (data not shown) . Therefore, M9-2 or M10-3 
are common epitopes recoonized hv a ms-inrin, ~* 
restricted melanoma specific TIL. 
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The relative frequency of recognition of known 
melanoma proteins by T-cells derived from the TIL of ten 
melanoma patients has been examined. The common epitopes 
M9-2 and M10-3 in the MART- 1 antigen that were domLantlv 
receded by nine of these TIL have also been identified 
The cDNA encoding „»,., was isolated by cDNA exp«s S i on 
clon^g using TIL!23 5 in screening assays ,See stmpi Tu 
"«T-i is a lis amino acid protein containing a single 

e™™ ^ ^ eXPreSSed ^ mt 

to the " ^ melanocytes and retina similar 

leer h T rSSS10n - M " ern ° £ ChS CDNA f ° r * of gpl0 0 

described in Ex ampi, 3. The gp 10 o is recognized by fof 

effect ° n d ° Se reSP ° nSe anal >' sis - P^tide „9-2 most 
effectively sensitized T2 cells for lysis (Figure 2) 
suggesting that this peptide may be naturally processed 
and presented on tumor cells. The T-cells recogni! " g M9 . 
2 «y react with peptide no-3 or M10-4 because the iLL 
10-mer peptides contain the , amino acid sequence of 
peptide »- 2 There is some difference in «cognit on of 
these 3 peptides by different TIL. For example. Mlo-4 „ as 
poorly recognized by the t-c.11 clone A42. but was well 
recognized by some TIL lines, although a higher 
concentration of „ as necessary to observe the lysis 

M9 2 and M10-4 peptides in the context of HLA-A2, or 

alternative! v ttt. -i -; 

— , , — — «» may contain different T-cell 
clones which only recognize either M9-2 or M10-4 

Peptides M10-3 and M10-4 may also be naturally processed 
and presented hy tumor celi£> ^ exiscence l> £ 

melanoma antigens presented by HLA- A2 has previously been 
suggested by analyzing the recognition of melanoma cell 
clones by a variety of T-cell clones (Knuth. a. et al . 

< 19 ^>' prcc. Nan Ar W n c r1 (USA) 86:2804# Woifei 

^ al., 1989 ^ Exp . MP* 170:79 7, or by analyzing HPLC* 
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peptide fraccions that were isolated from HLA-A2 melanoma 
cells (Slingluff, C. L. Jr. et al . , (1993) J . Immunol . 
150:2955, Storkus; W. J. et al . , (1993) J . Immunol . 
151:3719) . 

5 The observation that most HLA-A2 restricted TIL from 

melanoma patients recognize common MART- 1 peptides but not 
gp75 suggests that the M9-2 or M10-3 MART- 1 peptides may- 
be more immunogenic in inducing T-cell responses in vivo 
than other known melanoma antigens. Some of the TIL used 
10 in this study were injected along with IL2 into autologous 
patients, and interestingly, all 4 TIL (620, 660, 1074, 
1200) that recognize a gplOO protein (Figure 5A; SEQ ID 
NO: 27) effectively induced tumor regression (more than 
50% reduction of tumor) . All but TIL1200 also recognized 
MART- 1 . 
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Example 3 

Identification of a Second Human Melanoma Antigen 

Recognized by Tumor Infiltrating Lymphocytes 
Associated with in Vivo Tumor Rejection 

cDNA expression cloning 
The CDNA2 5 clone encoding a form of the melanoma 
antigen designated gplOO was cloned by techniques similar 
to those described in Example 1 and in Miki, T., et al. 
(1991) Proc. Natl. Acad > Sci. (USA) 88:5167-5171. 
Briefly, a breast cancer cell line, MDA231 (ATCC #HTB26) , 
transfected with a cDNA library in \pCEV2 7 made from the 
SOlmel melanoma cell line was screened for antigen 
positivity by measuring interf eron-X (IFN-7) secretion when 
cocultured with TIL1200. TIL1200 was generated as 
described in Kawakami, Y., (1988), J . Exp . Med . 168, 2183- 
2191. The integrated cDNA was recovered from the genomic 
DNA of positive transf ectants by PCR and cloned into the 
mammalian expression plasmid pCDNA3 (Invitrogen, San 
Diego, CA) . The full length cDNA for CDNA25 was isolated 
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from the soimel XpCEV27 iibrery using che CDHA25 

with Xhol, and then self-ligated „ ith T4 Uga „ 9 , 0 
the P l a smid pCEV27- FL 2S. Alternatively, 
5 length CDNA25 isolated by PCR using the specific pr"i me rs 
designed for gp 10 „ „ as clone<J _ in .^J^ ™ 

then cloned into pcn HA 3 < P cDNA3- FL25) . T o test whether 
this cDNA encoded a melanoma antigen it was retransf , „ 
into C0S7, A375 or MDA231 and the result!™ " tra " SfecEed 
in werp <■»«,♦• «^ * resulting transf ectants 

.0 were tested for simulation of TIL1200. DBA sequence of 
the pl asmd clone pCEV 2 7- FL - 25 was determined J2 n 2 
aut 0 d Bfl sequencer (MQdei ih a„ 

inc.). using che Taq DyeD terminator S eLenT 
kit (Applied Biosvstem. m- i sequencing 
.5 instructions. ' US1 " 9 ™ £a — • 



PeP "pe e pt^eT SiS •* -tigenic peptides 

Peptides were synthesized by a solid phase method 

20 IZIT^" ^ " 2 mUltlPle synthesize ° T he 

17" PUrifiSd ^ ^ ° n 3 Vyda = C "< with 
COS, TFA/water-acetonitrile. To identify antigenic 

Peptides, til lysis of T 2 RET . C eUs preincubateH th 
Peptides for 2 hour ( h, was measured using a ase 
cytotoxicity assay. release 



25 



1=00 „ th , f " Patient ' deSi ^"^ P«i-t number 
« failed ph T X Be " S ""= -I—- »ho had previously 
30 failed chemotherapy and radiation therapy was treated with 

lllZll r 65 ;""^ d ° Se ° f " m3/K9 cyclophosphamide 
followed by the intravenous infusion of l.s x 10 u TIL 

(including ,.i x 10 . mdium-m labeled m) 
of Il-a , t 720. 000 lU/Kg given every e hours A second 
35 cycle of treatment with T IL and n,-2 was given three ZL S 
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later. Radionuclide scans showed localization of TIL in 
tumor deposits (Figure 3A) . Biopsy of subcutaneous tumors 
on days 8 and 11 after treatment showed significant 
localization of TIL to tumor (ratios of injectate per gram 
5 in tumor compared to normal tissue were 14.9 and 14.0 
respectively) . The patient's cancer regressed rapidly 
following the first course of treatment. By three months 
after treatment 2 of 3 liver lesions had disappeared and a 
third lesion shrank by 50%. Multiple subcutaneous 
10 metastases regressed completely as shown in Figure 3B (the 
product of perpendicular diameters of individual lesions 
are shown) . 

Characterization of in vitro function of TIL1200 
15 A number of TIL lines established from HLA-A2+ 

melanoma patients lysed melanoma cell lines in a class I 
MHC- restricted fashion (Kawakami, Y., et al . (1992) J. 
Immunol^ 148; 638-643) , and were shown to release IFN-y, 
tumor necrosis factor-alpha (TNFa) or granulocyte- 

2o macrophage colony stimulating factor (GM-CSF) when 

cocultured with the same tumor cell lines (Horn, S.S., et 
al. (1993) J. Immunother. 13; 18-30). A CD8 + CTL line, 
TIL1200, established from a metastatic subcutaneous tumor 
mass of patient 1200, lysed fresh autologous melanoma 

25 cells as well as 10 of 15 HLA- A2 + allogeneic melanoma cell 
lines, but did not lyse 16 of 18 HLA- A2" melanoma cell 
lines or 6 of 8 HLA-A2 4 " non-melanoma cell lines 
(Shilyansky, J., et al . (1993) Proc. Natl. Acad. Sci. USA . 
91, 2829-2833, unpublished data). Table 7 shows a 

30 cytotoxicity assay against 5 representative HLA-A2 + 
melanoma cell lines that were lysed by TIL1200, 4 
representative HLA-A2+ melanoma cell lines that were not 
lysed by TIL1200, and one HLA-A2" melanoma cell line. 
TIL1200 also secreted IFN-7 when cocultured with HLA-A2* 

35 normal cultured melanocytes established from neonatal 
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10 



15 



foreskin as well as HLA-A2+ melanoma cell lines (Table 8) 
Therefore, TIL1200 appeared to recognize a non-mutated 
self peptide expressed in most melanomas and cultured 
neonatal melanocytes in an HLA-A2 restricted fashion. 

Cloning of the cDNA coding for a melanoma antigen 

recognized by T cells 

A cDNA library in X p C EV27 from the HLA-A2* SOlmel 
melanoma cell line, which was l ysed by most HLA-A2 
restricted melanoma specific TIL, was stably transfected 
into the highly transf ectable HLA-A2* melanoma antigen 
negative MDA231 clone 7 or A375 clone 1-4. G418 resistant 
cells were selected and approximately 6700 individual 
transfectants from each cell line were isolated and 
screened based on their ability to stimulate IFN-y 
secretion from TIL1200. six DNA fragments were isolated 
by PGR using SP6/T7 primers flanking the integrated DNA 
from four MDA231 and one A3 75 transfectants that were 
positive in a second screening and were cloned into the 
mammalian expression vector pcDNA3 (Invitrogen) . 

These fragments in the pcDNA3 vector were transiently 
expressed in the COS7 cells with or without pcDNA3 -HLA- 
A2.1. Transf ection into COS7 of one of the cDNAs tested 
CDNA25, along with HLA-A2.1 reproducibly conferred the 
25 ability to stimulate secretion of IFN- T from TIL1200 The 
stable transfection of cDNA25 into A375 also stimulated 
IFN-y release f iU ui TILI200 (Table 9, Exp.i and Exp. 2) A 
2.2 Kb band detected by Northern blot analysis of the 
melanoma using the cDNA25 probe suggested that the cloned 
1.6Kb fragment was not a full length cDNA. Comparison 
wxth the GenBank database of the consensus DNA sequence of 
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Table 7. Specificity of Antigen Recognition by TIL1200: 
Lysis of HLA-A2*, gplOCP Melanoma Cell Lines 

Target HLA-A2 crplOO TIL1200 LAK 

5 FACS Northern 



(% specific lysis) 



501mel 




+ 


+ 


46 


78 


526mel 




+ 


+ 


39 


74 


624mel 


+ 


+ 


+ 


33 


76 


952mel 




+ 


+ 


25 


76 


Malme3M 




+ 


+ 


43 


70 


C32 






-/+* 


6 


82 


RPMI79 51 








9 


67 


WM115 


+ 






5 


68 


HS695T 








3 


87 


3 97mel 




+ 


+ 


0 


70 



20 5 hour (h) 51 Cr release assay was performed to measure 

cellular cytotoxicity at an effector: target ratio of 40:1 
as previously described (Kawakami , Y. et al . (1988) J. Exp. 
Med. 168:2183-2191) . The expression of HLA-A2 and gplOO 
recognized by monoclonal antibody HMB45 (Enzo Diagnostics, 

2 5 New York, NY) was measured by flow cytometry (FACS) . The 

expression of gplOO RNA was analyzed by Northern blot with 
a CDNA25 probe. 

*-/+ indicates very weak positive. 

30 



35 
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8 " , S P ecifici ^ of Antigen Recognition by TIL1200- 
Recognition of HLA-a-a2 + Neonatal Melanocytes 

Stimulator HLA-A2 TIL1200 TIL888 



50lmel 
624mel 
3 97mel 

10 888mel 

NHEM493 
NHEM52 7 
NHEM530 
NHEM616 
15 FM725 

FM801 
NHEM483 
NHEM680 
HA002 



+ 

+ 



(pglFN-7/ml) 
562 o 
439 o 
0 0 
0 1970 
441 o 



418 0 
164 0 



+ 
+ 

+ 53 o 

+ 107 o 

+ 250 343 

0 o 

0 o 

0 o 



The IFN-y secretion by til was measured by ELISA as 

IZtlTl dSSCribed ±n l - ThS ~ of XPN- 7 

secreted by TIL alone was subtracted (88 Pg/m i for T IlL 8 
25 and none for TIL 1200 , . TIL888 is a class I MHC 

r:"™ l elan0ma Sp6Cific ™' -t restricted bv HLA- 
~. m . and HA refer to normal cultured melanocyte 

cell ixaaa. all others are melanoma cell lines 



30 



35 



BNSOOC(D:<WO 95291 93A2> 



4 



WO 95/29193 



PCTYUS95/05063 



- 82 - 



Table 9. Transfection of cDNA 25 into A375 and COS7 



Stimulator 
cells 



10 



15 



20 



25 



30 



Exp. 1 



Exp. 2 



Exp. 3 



501mel 
397mel 
A375 
A375 

501mei 

397mel 

COS7 

COS7 

COS7 

COS7 

501 mel 

397mel 

COS7 

COS7 

COS! 

COS7 

COS7 

COS7 



Trans fee ted 
genes 



HLA-A2 



none 



none 



none 



pcDNA3-25 



+ 



none 



none 



none 



HLA-A2.1 

pcDNA3-25 

HLA-A2.1 +pcDNA3-25 

none 
none 
none 

HLA-A2.1 

pCEV27-FL25 

HLA-A2. 1 + pCEV27-FL25 

pcDN A 3 -FL25 

HLA-A2.1 + pcDNA3-FL25 



+ 



Secretion by 
TIL1200 



(pgIFN7/mI) 
987 

0 

0 

230 

662 
0 
0 
0 
0 

310 

908 
0 
0 
0 
0 

742 
0 

801 



TIL 1200 secreted EFN-y when coincubated with HLA-A2* A375 stably trans fee ted with pcDNA3 
containing truncated cDNA25 (pcDNA3-25) (Exp.l) or COS7 transiently transfected with either 
pcDNA3-25 (Exp. 2), pcDNA3 containing full length cDNA25 (pcDNA3-FL25) or pCEV27 containing 
full length cDNA25 (pCEV27-FL25) (Exp. 3) along with pcDNA3 containing HLA-A2.1 (HLA-A2.1). 
HLA-A2 expression was determined bv flow cytometry and interferon-gamma secretion was measured 
by EUSA. 



35 
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3 CDNA25 clones that were independently amplified by PC R 
revealed that cDNA25 was distinct from two previously 
registered genes, a gplOO (GenBank Access No. M77348) and 
Pmell7 (Kwon.B.S.. et al . (1991) Proc. N,M e „, 
USA 88, 9228-9232) . The cDNA 25 differed from the gplOO 
m GenBank (Accession No. M77348, also known as g P 95) by 
two nucleotides, from the PMEL 17 sequence (Kwon et al 
U991) PrQC - NaM Ac **- ^iPnr P c (USA) 58: 9228-9232) by 
3 bases and a 21 base pair deletion. (Figure SB) . 

The full length cDNA25(FL25) was isolated in two 
plasmids, PCEV27-FL25 or pCDNA3-FL25. Transfection of 
either plasmid into C0S7 along with pcDNA3 - HLA- A2 1 
conferred to COS7 the ability to induce IFN- 7 secretion by 
TIL1200. The amount of lFN- 7 secretion stimulated by C0S7 
transfected with the full length DNA plus HLA-A2.1 was 
similar to that stimulated by SOlmel and was higher than 
that stimulated by C0S7 transfected with the truncated 
CDNA25 possibly due to improved translation starting at 
the normal AUG initiation codon (Table 9, Exp. 2 and 3) 
Alternatively, the 5' region missing from the truncated 
CDNA25 may contain other epitopes recognized by clones in 
TIL1200. The requirement for HLA-A2.1 expression for IFN-v 
release from TIL1200 and the fact that transfected cells 
did not stimulate iFN-y secretion from irrelevant TIL 
25 (data not shown) demonstrated that the cDNA25 encoded an 
^rr" rSC ° 9 " i2ed by TIL 1200 in the context of HLA-A2.1 
and did not encode a molecule that non- specif ically 
induced IFN-7 release from T cells. 

The nucleotide and corresponding amino acid 
sequences of the truncated cDNA 25 and the full length 
CDNA25 cloned from the SOlmel cDNA library by screening 
with the CDNA25 probe (Figure 5A) were compared with the 
GenBank sequences of Pmell7 isolated from normal 
melanocytes and gplOO isolated from the melanoma cell line 
MEL-i. (Figure SB). The full length CDNA25 differed from 
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the gplOO amino acid sequence at position 162. This amino 
acid difference is possibly caused by polymorphism or 
mutation in the tumor. cDNA25 had 2 amino acid 
differences at positions 162 and 274, compared to Pmell7 
and did not contain 7 amino acids that existed in Pmell7 
at positions 588-594. The amino acid sequence of the 
truncated CDNA25 that was isolated from the original 
MDA231 transfectant has a different sequence at the 3' end 
(from position 64 9 to the end) due to a frame shift caused 
by one extra cytidylic acid. It is not clear whether this 
difference was due to a true allelic difference or to a 
mutation that occurred during manipulation of the DNA. 
Nevertheless, TIL1200 appeared to recognize non-mutated 
peptides located between position 236 and 648. cDNA25 
also had 87% similarity in amino acid sequence to cDNA 
RPE1 (Kim, R., and Wistow, G.J. (1992) Exp. Eve Res. 55: 
657-662) specifically expressed in bovine retinal pigment 
epithelium and 60% similarity to cDNA MMP115 that encoded 
a melanosomal matrix protein isolated from chicken 
pigmented epithelial cells (Shilyansky, J . , et al . (1993) 
Proc. Natl. Acad. Sci. USA , 91, 2829-2833) . . 

A gplOO protein was known to be recognized by 
monoclonal antibody HMB45 (Adema et al . , (1993) Am. J. 
Pathology , 143: 1579-1585). COS7 cells transfected with 
the full length cDNA25 were evaluated by flow cytometry 
using this monoclonal antibody. After transient expression 
of either pCEV27-FL25 or pcDNA3-FL25, COS7 expressed the 
antigen detected by HMB4 5 (data not shown) . 

Expression of RNA for CDNA25 
Northern blot analysis was performed with the cDNA2 5 
probe to evaluate the tissue specific expression of this 
gene. Ten of 15 melanoma cell lines and 6 of 6 melanocyte 
cell lines were positive for cDNA 25 (Figures 6A and 6B) . 
Of many normal tissues tested only retina was positive 
(Figure 6C) . Seven cell lines from T-cell (TILA, B) , B- 
35 cells (501EBVB, 

RECTIFIED SHEET (RULE 91) 
ISA/EP 
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836EBVB) and fibroblast (Ml) and 20 non-melanoma tumor 
cell lines (colon cancer, Collo, SW480, WiDr; breast 
cancer, MDA231, MCF7, HS578, ZR75; neuroblastoma, SK-N-AS, 
SK-N-SH; Ewing sarcoma, TC75 , RD-ES, 6647; sarcoma 143B- 
glioma, U138MG, HS 683; renal cell cancer, UOK108, U0K117 
small cell l ung cancer, H1092; Burkitt's lymphoma, Daudi- 
myeloma HMY) were all negative for cDNA25 (data not 
shown). Therefore, this gene appeared to be specifically 
expressed in melanocyte lineage cells, consistent with the 
expression pattern of previously isolated forms of gpioo 
when analyzed using monoclonal antibodies, HMB45 
NKI/betab, or HMB-50 (Adema, G.J., etal. (1993) 'am J 
Pathol^ 143: 1579- 1585; Gown, A.M., etal., (1986) Am J 
Pathol 123:195-203; Colombari , R. , et al. (1988) Virchow. 
Archjv ft Pat-hoi ^nir 413:17-24); Vennegoor, C. , et al. 
(1988) Am. J. Parhol 130:179-192; Vogel, A.M., and 
Esclamado R.M. (1988) £an £ er_Res i 48 :1286-1294) . The 
levels of expression of the RNA detected by the cDNA25 
probe in cultured neonatal melanocyte cell lines was 
significantly lower than that in melanoma cell lines. 
There was a perfect correlation between gpioo expression 
detected by Northern blot analysis with CDNA25 and flow 
cytometry using HMB45 antibody and melanoma lysis by 
TIL1200 in the 10 HLA-A2 + melanoma cell lines as shown in 
25 Table 7. 

Identification of the epitope in gpioo 
Based on a comparison of the amino acid sequence 
of the truncated form of cDNA 25 to known binding motifs 
Of HLA-A2.1 (Falk, K. , et al . (1992) Nature 351:290-296; 

30 Hunt, D.F., et al. (1992) Science 255:1261-1263; Ruppert 
J., et al. (1993) £ell 74:929-9937.) 30 peptides of 9 or' 
10 amino acids in length from cDNA25 were synthesized 
TIL1200 lysed the HLA-A2' cell line, T2, only when 
incubated with the peptide LLDGTATLRL (SEQ ID NO: 27 

35 residues 457-486. Figure 5A; SEQ ID NO: 33) but not when 
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incubated with the other 29 peptides (Table 10, Figure 
5A) . Only peptide LLDGTATLRL (SEQ ID NO: 33) was able to 
also stimulate IFN-7 secretion by TIL 1200 (data not 
shown) . 

5 Many melanoma- specif ic CTL derived from TIL 

appear to recognize non-mutated self peptides derived from 
melanocyte -melanoma lineage specific proteins, since these 
TIL recognize most melanoma cell lines and normal cultured 
melanocytes sharing the appropriate restriction element. 
10 (Anichini, A. , et al . (1993) J . Exp . Med . 177:989-998; 

Kawakami, Y. , et al. (1993) J. Immunother. 14:88-93). In 
an attempt to isolate and identify melanoma antigens of 
value in the immunotherapy of melanoma patients, TIL, 
TIL1200 were used that, when transferred into a patient 
15 with metastatic cancer, localized to the tumor site and 
was associated with a dramatic tumor regression. It has 
been shown that, in contrast to non-activated lymphocytes 
and lymphokine activated killer cells, autologous TIL 
localize to tumor sites. This localization correlated 
2o with the ability of these TIL to mediate tumor regression 
(data not shown) . TIL1200 which was a TIL line containing 
multiple CTL species recognized a tumor antigen in the 
context of HLA-A2, which is the most frequently expressed 
class I MHC antigen (about 5 0% of individuals) and has 
been shown to be a dominant restriction element for the 
induction of melanoma specific CTL. (Crowley, N.J. , et 
al. (1991) J . Immunol . 146, 1692-1699) . 

By cDNA expression cloning using T cell 
recognition for screening, a cDNA (Figures 4A and 4B; SEQ 
ID NO: 26) encoding an antigen recognized by TIL1200 and 
identified as a form of gplOO, a membrane glycoprotein 
also recognized by monoclonal antibodies, HMB45 , HMB50 or 
NKI/betab has been identified. (Adema, G. J. , et al . 
(1993) Am J Pathology 143, 1579-1585. Gown, A.M., et al . 
35 (1986) Am J Pathol 123, 195-203. Colombari, R. , et al . 
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(1988) Virchows Archiv A Pafhnl anal- 413, 17-24; 
Vennegoor, C. , et al . (1988) Am. J. Pathol . 130, 179-192; 
Vogel, A.M. , and Esclamado R.M. (1988) Cancer Ba. 48, 
1286-1294). These antibodies are highly specific for 
melanocyte lineage tissues and strongly stain most 
melanoma cells. NKI/betab also reacts with adult 
melanocytes in normal skin (Vennegoor, C. , et al. (1988) 
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Table 10. TIL1200 Lysis of the T2 HLA-A2 + Cell Line 
Pulsed with the Peptide, LLDGTATLRL 



Target HLA-A2 Peptide* TIL1200 TIL1235+ 

5 







(ug/mi) 


(% specific 


lysis) " 


SOlmel 


+ 


0 


66 


51 


397mel 




0 


1 


0 


T2 


+ 


0 


2 


1 


T2 


+ 


40 


28 




T2 




10 


32 


0 


T2 


+ 


1 


24 


ND 


T2 




0.1 


6 


ND 


T2 


+ 


0.01 


0 


ND 


T2 


+ 


0 . 001 


2 


ND 



TIL1200 lysed T2 cells pulsed with the 10-mer 
peptide, LLDGTATLRL (457-466) , but not other 29 
peptides SEQ ID NO: 27 (residues 273-281, 297-306, 

20 373-381, 399-407, 399-408, 409-418, 456-464, 463-471, 

465-473, 476-485, 511-520, 519-528, 544-552, 544-553, 
570-579, 576-584, 576-585, 585-593, 592-600, 597-605, 
597-606, 602-610, 602-611, 603-611, 605-614, 606-614, 
606-615, 619-627, 629-638) 

25 + TIL1235 is an HLA-A2 restricted melanoma specific CTL 
that does not recognize gplOO. 
E:T of 50:1 
ND, not done. 
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Am. J. Pathol. 130, 179-192). Immunoelectron-microscopic 
studies using either HMB45 or NKI/betab antibody revealed 
that a gplOO protein was mainly located in a membrane and 
filamentous matrix of stage I and II melanosomes in the 
5 cytoplasm (Vennegoor, C, et al . (1988) Am. J. Pathol. 
130, 179-192; Schaumburg- Lever , G., et al . (1991) J. 
Cutan. Pathol . 18, 432-435). By a completely independent 
procedure, a cDNA encoding another form of gplOO was also 
isolated by screening with a rabbit polyclonal antiserum 
10 against gplOO (Adema, G.J., et al . (1993) Am J Pathology 
143:1579-1585) and TIL1200 also lysed HLA-A2+ cell lines 
transfected with this cDNA clone (Bakker, A.B.H. et al . 
(1994) J . Exp . Nferi . 179:1005-1009). 

The existence of T cells reactive to the self -antigen 
15 gplOO in tumors and the possible enrichment of these T 

cells at the tumor site as a possible consequence of the 
specific accumulation and expansion of antigen reactive 
cells (Sensi, M. et al., (1993) J. Exp. Med 178:1231-1246) 
raises important questions about the nature of the immune 
20 response to self antigens on growing cancers and about the 
mechanisms of immunologic tolerance to self - antigens . The 
increased expression of gplOO on melanoma cells relative 
to that in melanocytes demonstrated by Northern blot 
analysis or the unique inflammatory conditions that might 
2 5 exist at the tumor site, which may be associated with the 
secretion of cytokines and expression of costimulatory 
molecules on the cell surface, could break tolerance to 
gplOO. Depigmentation has been reported to be associated 
with a good prognosis (Nordlund, J.J., et al . (1983) vL. 
30 Am. Acad. Dermatol. 9:689-695; Bystryn, J-C, et al . 

< 1987 > Arch. Dermatol . . 123:1053-1055) and with clinical 
response to chemoimmunotherapy (Richards, J.M. , et al. 
(1992) J . Clin. Oncol . 10:1338-1343) in melanoma patients. 
Sporadic vitiligo in has been seen patients receiving 
}5 melanoma- specif ic TIL but adverse ophthalmologic effects 
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that might be related to melanocyte destruction has not 
been observed. Patient 1200 did not develop vitiligo or 
any ophthalmologic side-ef f ects . 

The gplOO protein (Figure 5A; SEQ ID NO: 27) and the 
ten amino acid peptide identified may represent a human 
tumor rejection antigen since the transfer into patient 
1200 of TIL1200 plus IL2 was associated with cancer 
regression. The traffic of TIL1200 to tumor deposits in 
vivo and the rapidity of the antitumor response are 
characteristics of the response to TIL therapy, although 
IL2 may also have been involved in the tumor rejection. 
Adoptive transfer of 3 other TIL lines which recognized 
gplOO as well as MART-1 also mediated tumor regression 
(data not shown) . 

Tyrosinase (Brichard, V., et al . (1993) J . Exp . Med . 
178, 489-495) and MART-1 (see Example 1) have been 
identified as melanoma antigens recognized by HLA-A2 
restricted CTL. Another antigen, MAGE- 1 is recognized by 
HLA-A1 restricted melanoma- specif ic CTL and is expressed 
on a variety of cancer cells as well as testis (Van Der 
Bruggen, P. et al . (1991) Science , 254:1643-1647). 
However, none of the ten HLA-A2 restricted TIL recently 
developed appeared to recognize MAGE- 1 (Zakut, R. , et al . 
(1993) Cancer Res. 53: 5-8). 

The wide expression of gplOO proteins in melanomas, 
the recognition of a peptide by T cells infiltrating into 
tumor, its restriction by HLA-A2 , present in 50% of 
individuals, and the association of anti gplOO reactivity 
with cancer regression in patient 1200 imply that the 
gplOO antigen in particular the novel immunogenic peptides 
derived from the gplOO amino acid sequence (Figure 5A; SEQ 
ID NO: 27) may be particularly useful for the development 
of active immunotherapies for patients with melanoma. 
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Example? 4 



Ant-fafS^i?? ? f Multi P le Epitopes in Human Melanoma 
Antigen h Y TTT, As sociated with Tn vivo ^ mn r p^^ TT,- „ n 

Materials and Methods 

Generation of CTL from TIL and Treatment 
of Patients with Metastatic Melanoma 

Melanoma specific CTL were induced and expanded from 
TIL in media containing 6000IU/ml of IL2 as previously 
described (Kawakami, et al . , (1988) J. Exo. Mr* 
168:2183). All available HLA-A2 restricted melanoma 
specific CTL which were administered to autologous 
patients in the Surgery Branch, NCI, were used in this 
study. TIL were administered intravenously along with IL2 
into autologous patients with metastatic melanoma as 
previously reported (Rosenberg, S. A., et al., (1988) N 
Engl J Med 319:1676; Rosenberg S.A. , et al . , (1994) 
NQJ_^ 86:1159). Fisher's exact test was used to determine 
the association of gpioo recognition by TIL with clinical 
response to TIL treatment; likewise with MART- 1 
recognition. 

Synthesis of Peptides 
Peptides were synthesized by- a solid phase method 
using a peptide synthesizer (model AMS 422;Gilson Co. Inc. 
25 Worthington, OH) (>90% purity) . The peptides to be 

synthesized were selected from the reported human sequence 
of gpioo based on HLA-A2.1 binding motifs (Falk. k. 
(1991) i^urg 351:290; Hunt, D. F., et al, (1992) 'scAmSS 
255:1261; Ruppert, J., et al., (1993) Cell 74:929; Kubo, 
RT, et al. (1994) J Immunol . 152:3913). The following 
peptides were tested: Eight 8-mer peptides (with residues 
starting at -199, 212, 218, 237, 266, 267, 268, 269; see 
Figure 7A) , eighty- four 9-mer peptides with residues 
Starting at - 2, 4, 11, 18, 154, 162, 169, 171, 178, 199, 
205, 209, 216, 241, 248, 250, 255, 262, 266, 267, 268, 
273, 278, 280, 273, 286, 287, 298, 290, 309, 316, 332, 
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335, 350, 354, 358, 361, 371, 373, 384, 389, 397, 399, 
400, 402, 407, 408, 420, 423, 425, 446, 449, 450, 456, 
463, 465, 485, 488, 501, 512, 536, 544, 563, 570, 571, 
576, 577, 578, 583, 585, 590, 592, 595, 598, 599, 601, 
5 602, 603, 604, 606, 607, 613, 619, 648; see Figure 7A) and 
seventy- seven, 10-mer peptides with residues starting at - 
9, 17, 57, 87, 96, 154, 161, 169, 177, 197, 199, 200, 208, 
216, 224, 232, 240, 243, 250, 266, 267, 268, 272, 285, 
287, 289, 297, 318, 323, 331, 342, 350, 355, 357, 365, 

IQ 380, 383, 388, 391, 395, 399, 400, 406, 407, 409, 415, 
432, 449, 453, 457, 462, 476, 484, 489, 492, 511, 519, 
536, 543, 544, 548, 568, 570, 571, 576, 577, 584, 590, 
595, 598, 599, 601, 602, 603, 605, 611, 629; see Figure 
7A) were synthesized. Possible epitopes identified in the 

15 first screening were further purified by HPLC on a C-4 
column (VYDAC, Hesperia, CA) (>9 8% purity) and the 
molecular weights of the peptides were verified by mass 
spectrometry measurement as previously described (Example 
3; Kawakami, Y., et al . , (1994) J. Exp. Med. 180:347; 

20 Kawakami, Y. , et al . , (1994) Proc Natl Acad Sci (USA) 
91:6458) . 

Peptide Binding- Assay to HLA-A2.1 
Soluble HLA-A2.1 heavy chain, human beta 2- 
microglobulin, radiolabeled peptide HBc l8 . 27 (FLPSDYFPSV) 

22 and various concentrations of the sample peptides were 

coincubated in the presence of protease inhibitors for 2 
days at room temperature as previously described (Ruppert, 
J., et al., (1993) Cell 74:929; Kubo, RT, et al . , (1994). 
J Immunol . 152:3913; Sett A., et al . , (1994). Molecular 

20 Immunol . 31:813). The percentage of labeled peptide bound 
to HLA-A2.1 was calculated after separation by gel 
filtration and the concentration of the sample peptide 
necessary to inhibit 50% of the binding of the labeled 
peptide was calculated. The relative affinity of peptides 
to HLA-A2.1 were also calculated as a ratio (concentration 
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of the standard HBc 18 . 27 peptide to inhibit 50% of the 
binding of the labeled peptide / concentration of the 
sample peptide to inhibit 50% of the binding of the 
labeled peptide) as previously described (Sett A., et al . , 
5 (1994) Molecular Immunol . 31:813). Peptide binding was 
defined as high (50% inhibition at <50nM, ratio >0.l), 
intermediate (50-500nM, ratio 0.1-0.01) or weak (>500nM, 
ratio <0.01) (Ruppert, J. , et al . , (1993) Cell 74:929; 
Kubo, RT, et al., (1994) J Immunol . 152:3913; Sett A., et 
10 al., (1994) Molecular Immunol . 31:813). 

The pcDNA3 plasmid containing the full length gplOO 
cDNA (Example 3; Kawakami , Y. , et al., (1994)). Proc Natl 
Acad Sci (USA) 91:6458) was digested with Xho I and Xba I. 
After incorporation of alpha -phosphorothioate 
15 deoxynucleoside triphosphate into the Xba I site, a 

standard exonuclease III nested deletion was performed 
using the Exo Size Deletion Kit (New England Biolabs, 
inc., Beverly, MA). The deleted clones were self-ligated 
and amplified. The exact deletion for each clone was 
20 confirmed by DNA sequencing. To identify the region 
containing epitopes, pcDNA3 plasmids (Invitrogen, San 
Diego CA) containing the cDNA fragments (D3, D5, D4 , C3 ) 
generated by the sequential deletion with exonuclease from 
the 3' end of the full length gplOO cDNA as well as the 
25 truncated gplOO cDNA lacking the 5' -coding region (25TR) 
(Example 63; Kawakami, Y. (1994) Proc Natl Acad Sri (USA) 
91:6458), were transfected into COS7 r.e>l i « ainnn „hi-v. 
HLA-A2.1 cDNA and the recognition of the transfected COS 
cells by TIL was evaluated using IFN-y release assays 
30 (Example 1; Kawakami, Y. , (1994) Proc Natl Acad Sri (USA) 
91:3515) . 

Evaluation of Antigen Recognition by T-cells 
To assess antigen recognition by T-cells, a 51 Cr 
release assay or an IFN-y release assay were performed as 
35 previously described (Examples 1 and 2; Kawakami, Y. , et 
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al., (1994)). Proc Natl Acad Sci (USA) 91:3515; Kawakami , 
Y . , et al., (1988). J*. Exv. Med. 168:2183). Either COS7 
cells transfected with cDNA encoding melanoma antigens and 
HLA-A2.1 cDNA, or T2 cells preincubated with peptides were 
5 used as stimulators for the IFN-y release assay. T2 cells 
pulsed with peptides were also used as targets for 
cytotoxicity assays. (Kawakami, Y., (1994) J. Exv. Med. 
180:347) . 

Recognition of gplOO by TIL correlated 
10 with clinical response to TIL treatment 

Four of 14 HLA-A2 restricted melanoma specific CTL 
derived from TIL recognized gplOO while 13 recognized 
MART- 1 (3 recognized both gplOO and MART- 1) . None 
recognized tyrosinase or gp75 as assessed by the 
reactivity of TIL against C0S7 cells transfected with the 
cDNA encoding these melanoma antigens along with HLA-A2.1 
cDNA (Example 2; Kawakami, Y et al. (1994) J ; Exp . Med . 
180:347). The HLA-A2 restriction and the recognition 
specificity of these 4 gplOO reactive CTL has been 
previously demonstrated (Examples 1-3; Kawakami, Y. , et 
al., (1994) Proc Natl Acad Sci (USA) 91:6458; Kawakami, 
Y., et al., (1992) J Immunol 148:638; O'Neil, B. H. , et 
al., (1993) J" Immunol 1410:1418; Shilyansky, J., et al . , 
(1994) Proc . Natl. Acad . Sci . (USA) 91:2829) . Ten of 
these 14 CTL were administered into the autologous 
patients along with IL2 . As summarized in Table 11, all 4 
patients treated with CTL capable of recognizing gplOO 
resulted in an objective partial response (>50% tumor 
regression) . Clinical response to TIL therapy associated 
with reactivity of TIL to gplOO (p=0.0048) but not to 
MART- 1 (p=0.4). These data suggested that gplOO may 
contain epitopes capable of mediating in vivo tumor 
regression . 
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Identification of epitopes 
recognized by gplOO reactive TIL 

To identify the epitopes recognized by these 4 gplOO 
reactive CTL, a 169 peptides which contained HLA-A2.1 
binding motifs were synthesized. Peptide recognition was 
evaluated by testing the reactivity of these CTL against 
HLA-A2.1+ T2 cells preincubated with each peptide using 
both cytotoxicity and IFN-y release assays.. As shown in 
Table 12, 7 peptides were recognized by gplOO reactive TIL 
in the cytotoxicity assays. The results of the IFN- 7 
release assays performed at the same time were consistent 
with that of the cytotoxicity assays. The different 
subcultures of TIL620 (620-1, 620-2) or TIL660 (660-1, 
660-2, 660-3) were grown from the TIL culture that was 
15 administered into the autologous patient, but they were 
separately cultured and had slightly different 
specificities likely due to the in vitro expansion of 
different clones. G9 309 (ITDQVPFSV) (SEQ ID NO:48) and 
G10 208 (TITDQVPFSV) (SEQ ID NO: 49), which has an extra 
20 threonine at the N- terminus of G9 209 , were recognized only 
by TIL620. G9 IJ4 (KTWGQYWQV) (SEQ ID N0:46) and G10 154 
( KTWGQ YWQVL ) (SEQ ID N0:47), which has an extra leucine at 
the C- terminus of G9 li4 , were recognized by TIL1200, 
TIL620-2 and TIL660-2. G10-4 (LLDGTATLRL) (SEQ ID NO:33) 
25 was recognized by TIL1200 as demonstrated (Example 3) . The 
peptide G9 2S0 (YLEPGPVTA) (SEQ ID NO:40) was recognized by 
TIL660 and TIL1143. TTT.ccn - n =i , ^ _ 

(VLYRYGSFSV) (SEQ ID N0:34) as well as G9 280 . Lysis of T2 
cells preincubated with G10-5 was repeatedly low, possibly 
30 because a small subset of T-cell clones was specific for 
this epitope. 

To complement the epitope identification using the 
known HLA-A2.1 binding motifs, another method was also 
used to identify regions possibly containing epitopes. 
35 Five gplOO cDNA fragments, 4 generated by exonuclease 
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deletion from the 3' -end of the cDNA (D3, D4 , D5 , C4) as 
well as a partial cDNA clone lacking the first 705 base 
pairs of the 5' -coding region (25TR) , were inserted into 
the pcDNA3 plasmid and trans feet ed into C0S7 cells along 
5 with the HLA-A2.1 cDNA. The locations of the fragments are 
shown in Figure 7A. The recognition of these 
transf ectants by the 4 gplOO reactive TIL was evaluated 
using an IFN-y release assay (Figure 7B) . TIL 1200 
recognized COS cells transf ected with the fragments, 25TR, 

10 D5, D4 or C4, but not with D3 , suggesting that at least 2 
epitopes existed in the regions of amino acid residues 
146-163 and 236-661. G9 l54 and G10 l34 were the only peptides 
which contained HLA-A2.1 binding motifs in the region 146- 
163 and both were recognized by TIL1200. G10-4 was located 

15 in the region 23 6-661 and was recognized by TIL1200. 

TIL620-1 recognized COS cells transf ected with C4 but not 
with D3 , D5, D4 or 25TR, suggesting that the epitope 
existed within residues 187-270. G9 209 and G10 20 8 which were 
recognized by TIL620-1 were located in this region. 

20 TIL620-2, another subculture of TIL620, also recognized 
COS cells transf ected with D5 and D4 , but not D3 , and 
recognized G9 l54 and G10 154 in the region 147-163, also 
recognized by TIL1200. TIL660-1 and TIL1143 recognized COS 
cells transf ected with C4 or 25TR, but not with D3 , D5 , or 

25 D4, suggesting that epitopes existed in the 2 regions 187- 
270 and 236-661. G9 2g0 located in the fragment 25TR, but 
not in the fragment C4 , was recognized by TIL660 and 
TIL1143 . 

Binding Affinity of the Melanoma 
Epitopes to HLA-A2.1 in Vitro 

30 

With the exception of G10-4, which required a 
concentration of lug/ml to sensitize T2 cells for CTL 
lysis (Example 3; Kawakami , Y. f et al . , (1994) Proc Natl 
Acad Sci (USA) 91:6458), all gplOO epitopes identified in 
-~ this study could sensitize T2 cells for CTL lysis at a 
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15 



concentration of ing/ml (Figures 8A-8D) . 610-5 appeared 
to be inhibitory to the cytotoxic activity of C TL at 
concentration greater than lOng/ml since l ysis Q f T2 cells 
incubated with G10-5 at more than lOng/ml was repeatedly 
lower than at l-10ng/ m l in this assay condition in which 
the peptide was present in the medium during entire 4h 
cytotoxicity assay (Figure 8D) . The relative binding 
affinity of these epitopes to HLA-A2 . l was also measured 
using an in vitro competitive binding assay (Table 13) 
G9 154 had an higher binding affinity (50% inhibition of the 
standard peptide at UnM) to the HLA-A2 . l molecule than 
G10 I54 (loiOnM) which contains an extra leucine at the C- 
termxnus of G9 154 , and could sensitize T2 cells at lower 
concentrations than G10 !34 ( Figure 8A ) . G9 209 also bound to 
HLA-A2.1 with higher affinity < 8 4nM> than G1 0m8 (2080nM, 
whxch contains an extra threonine at the N- terminus, and 
could sensitize T2 cells at lower concentrations of 
peptide than G10 208 (Figure 8B) . Thus, the 9-mer peptides 
were superior to the corresponding 10 mer peptides in the 
sensitization of T2 cells to CTL lysis, and they also had 
higher binding affinities to HLA-A2.1. This was also the 
case for the identified MART-l 9 and 10 amino acid 
peptides (M9-2, M10-3, M10-4) (Example 2; Kawakami, Y. , et 

("94). J.Exp. Med. 1 80; 347). The results of the 
peptide titration in the T2 cell lysis assay correlated 
with the results of the HLA-A2 . 1 binding affinity as 
measured by the in vitro binding assay. The other gpioo 
epitopes, G9 280 , G10-4, or G10-5 had binding affinities for 
HLA-A2.1 with 50% inhibition at 95nM, 483nM, or 13nM 
respectively. The HLA-A2 . 1 binding affinities of the 
previously identified HLA-A2 restricted melanoma epitopes 
in MART-l (Example 2; Kawakami, Y. , et al . , ( 1994 ) 
J. Exp. Med, 180=347) and tyrosinase (Wolf el, T. , (1994) 
Eur. J. Immunol 24:759; SEQ ID NOS : 31 and 32) were also 
35 measured (M9-2 <397nM) , M10-3 <2272nM) , M10-4 (5555nM) T9 
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(333nM) , T9 369 (40nM) ) . Except for the lOmer peptides 
(G10 154/ G10 208/ M10-3, M10-4) , for which overlapping 9-mer 
epitopes (G9 154 , G9 209 , M9-2) existed, all melanoma epitopes 
had either high (G9 1S4/ G10-5, T9 369 ) or intermediate (G9 209 , 
5 G9 2 eo/ G10-4, M9-2, T9J binding affinities to HLA-A2 . 1 . 

Discussion 

Multiple epitopes in the gplOO human melanoma antigen 
recognized by 4 TIL which were associated with tumor 
regression when adoptively transferred to the autologous 

10 patients have been identified in this study. Among the 5 
epitopes described in this study, G9 1S4 or G10 154 appeared 
to be the most commonly recognized, since these were 
recognized by 3 of 4 gplOO reactive TIL derived from 
different patients. Although the G9 280 peptide was 

15 reported to be recognized by all 5 CTL derived from PBL of 
different patients (Cox, A.L* , et al., (1994)). Science 
264:716), it was only recognized by 2 of 4 gplOO reactive 
TIL in this study. This difference may be due to the 
sources of T-cells (TIL vs PBL) used. 

20 It will be appreciated that the MART-1 peptide M9-2 

may also be designated M9 27/ the MART-1 peptide M10-3 may 
also be designated M10 26 , and the MART-1 peptide M10-4 may 
also be designated M10 27 . It will also be appreciated 
that the gplOO peptide G10-4 may also be designated G10 457 

25 and the gplOO peptide G10-5 may also be designated G10 476 . 
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Table 12 . Recognition of gplOO peptides by TIL 



Target Peptide 
cells 



TIL 

(% specific lysis at E:T=40:1) 



Exp. 1 




620-1 


620- 


2 660-1 


1143 


1200 


1235 


624mel 


none 


32 


36 


47 


20 


77 


11 


397mel 


none 


2 


3 


0 


0 


0 


0 


T2 


none 


0 


5 


3 


1 


0 


2 


T2 


M9-2 


19 


84 


69 


49 


1 


86 


T2 




0 


21 


4 


0 


100 


0 


T2 


G10 154 


3 


19 


7 


4 


75 


2 


T2 


G9 209 


45 


21 


0 


3 


0 


0 


T2 


G10 208 


42 


36 


7 


4 


2 


3 


T2 


G9 280 


2 


7 


43 


11 


0 


0 


T2 


G10-4 


0 


7 




o 


15 


n 

\j 


T2 


G10-5 


2 


7 


2 


1 


7 


0 


Exp . 2 




620-1 


620- 


2 660-2 


1143 


1200 


1235 


624mel 


none 


60 


65 


74 


49 


82 


18 


397mel 


none 


2 


6 


0 


0 


0 


0 


T2 


none 


1 


12 


1 


0 


1 


2 


T2 


M9-2 


36 


85 


50 


39 


0 


60 


T2 




5 


27 


32 


1 


78 


5 


T2 


G10 154 


4 


31 


30 


2 


85 


3 


T2 


G9 209 


22 


74 


5 


4 


1 


3 


T2 


G10 208 


35 


80 


7 


10 


1 


5 


T2 


G9 280 * 


2 


9 


75 


34 


1 


2 


Exp . 3 








660-3 


1143 


1200 


1235 


624mel 


none 






52 


15 


66 


40 


397mel 


none 






5 


3 


7 


4 


T2 


none 






7 


3 


7 


4 


T2 


M9-2 






50 


62 


4 


94 


T2 


G9 280 






99 


37 


9 


5 


T2 


G10-4 






0 


0 


50 


0 


T2 


610-5 






14 


2 


6 


5 



M9-2 (AAGIGILTV) and gplOO epitopes, G9 lJ4 (KTWGQYWQV) , 
G10 lJ4 ( KTWGQ YWQVL ) , G9 209 ( ITDQVPFSV) , G10 2O8 (TITDQVPFSV) , 
G9 280 (YLEPGPVTA) , G10-4 (LLDGTATLRL) , G10-5 (VLYRYGSFSV) at 
lug/ml (* Ing/ml) , was measured by 4h- 5l Cr release assays. 
TIL620-1, -2 or TIL660-1, -2, -3 were grown from the same 
TIL which was administered into the autologous patient, 
but were separately cultured. 624mel, HLA-A2+ gpl00+, 
MART - 1+ melanoma cell line, 397mel, HLA-A2- melanoma cell 
line. T2 cells, HLA-A2+ T cell-B-cell hybridoma. 
Bold: statistically significant lysis 
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X ^ le 13 - The relative binding affinity of the human 
melanoma epitopes to HLA-A2 . 1 numan 



Protein 



Peptide Sequence 50% inhibition Ratio t< 



(nM) 



Standard.** 



gplOO 



10 



MART- 1 



Tyrosinase 





KTWGQYWQV 


11 


G10 154 


KTWGQYWQVL _ 


1010 


G9 209 


ITDQVPFSV 


84 


G10 208 


TITDQVPFSV 


2080 


G9 280 


YLEPGPVTA 


95 


G10-4 


LLDGTATLRL 


483 


G10-5 


VLYRYGSFSV 


13 


M9-2 


AAGIGILTV 


395 


M10-3 


EAAGIGILTV 


2272 


M10-4 


AAGIGILTVI 


5555 


T9 X 


MLLAVLYCL 


333 


T9 369 


YMNGTMSQV 


40 



0 
0 
0 
0 
0 
0 
0 



45 
005 
06 

0024 
053 
01 
38 

0.013 
0 . 0022 
0 . 0009 



0 . 015 
0.13 



15 



Concentration 
inhibition of 
HBC18-27. 



of sample peptide required for 
the standard radiolabeled 



50% 
peptide 



20 



?S J£ ? the binding affinity of the sample peptide 
c «f «° f t 5 e standard Peptide (50% inhibition at 

cn * eptldes are defined as high (50% inhibition 
n Vn S\' ra ! 10 >0 - 1) ' intermediate (50-500nM, ratio 
0.1-0 01) and weak (>500nM, ratio <0.01) binding 
peptides. 3 
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Example 5 



Modification of melanoma 
epitopes for improvement of immunogenicity 

Material and Methods 
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Peptide synthesis and HLA-A2 . 1 binding assay. 
Peptides were synthesized by a solid phase method using a 
multiple peptide synthesizer and purified by HPLC, as 
previously described (Rivoltini, L et al . (1995) Journal 
of Immunology Volume 154:2257-2265). The relative binding 
of peptides to HLA-A2.1, based on the inhibition of 
binding of a radiolabeled standard peptide to 
detergent -solubilized MHC molecules, was performed as 
previously described (Rivoltini, L et al . (1995) Journal 
of Immunology Volume 154:2257-2265). Briefly, various 
doses of the test peptides (ranging from 100 jxM to 1 nM) 
were coincubated together with the 5nM radiolabeled Hbc 
18-27 (FLPSDYFPSV) (SEQ ID NO: 125) peptide and HLA-A2.1 
heavy chain and £2 -microglobulin for 2 days at room 
temperature in the presence of protease inhibitors . The 
percentage of MHC -bound radioactivity was determined by 
gel filtration and the 50% inhibitory dose was calculated 
for each peptide. 

Induction of peptide specific CTL PBMC were 
separated from peripheral blood of HLA-A2+ melanoma 
patients and normal donors by centrif ugation on 
Ficoll -Hypaque gradients and used as fresh or 
cryopreserved samples. Peptide specific CTL lines were 
generated as follows: at day 0, PBMC were plated at a 
concentration of 1.5xl0 6 /ml in 24 -well plates (2ml/well) 
in Iscove's medium containing 10% human AB serum, 
L-glutamine, antibiotics (CM) and in the presence of 1 
ug/ml peptide. Two days later, 12 IU/ml interleukin 2 
(IL-2) (Chiron Co., Emeryville, CA) were added to the 
cultures. Lymphocytes were then restimulated weekly as 
follows: responder cells were harvested, washed once and 
replated in 24 -well plates at a concentration of 2.5xl0 5 
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cells/ml in CM. Autologous PBMC were thawed, washed twice 
in PBS, resuspended at 5 - 8xl0 6 cells/ml in CM and pulsed 
with lug/ml peptide in 15 -ml conical tubes (5ml /tube) for 
3 hours at 3 7°C. These PBMC (stimulators) were then 
irradiated at 3000 rads , washed once in PBS and added to 
the responder cells at responder: stimulator ratios ranging 
between i :3 and 1:10, The next day, 12 IU/ml IL-2 were 
added to the cultures. The activity of these CTL was 
tested by cytotoxicity assays after at least 2 rounds (14 
days) of peptide stimulation. To generate CTL from TIL 
cultures, the dissociated tumor suspension were cultured 
for 1-2 days in 10% FCS RPMI-1640 medium to allow tumor 
cell adherence. The lymphocytes, recovered from the 
non- adherent fraction, were used for the induction of 
peptide specific CTL as described above. 

Assessment of antigen recognition by CTL. 3, Cr release 
cytotoxic assays were performed to detect the recognition 
of peptide and melanoma cells by CTL. To analyze peptide 
recognition, T2 cell lines were preincubated for 2 h at 
37°C with lug/ml peptide, washed and used as target cells 
in a 51 Cr release cytotoxic assay. The melanoma lines 
624mel was established in our laboratory (See Example 1). 

In order to make more immunogenic peptides for 
induction of anti -melanoma T- cells than natural melanoma 
epitopes, a variety of peptides in which at least 1 amino 
acid was changed based on consensus motifs in peptides 
binding to a specific MHC Class I allele Falk, et al . 

(1991) Wa t-ii-ro in .oon. v,,v»^ _t , . ~ ~ . . _ _ 

• - ' <=u ax . usstj u . Immunol 

152:3913; Parker, K . et al . (1992) Journal of Immunol nrry 
149:3580; Ruppert , J. et al . (1993) Cell 74:929-937) 
(Tables 14, 15, 16, and 17). Although most of the 
previously isolated viral epitopes and the naturally 
processed HLA-A2.1 binding peptides contained leucine or 
methionine at the 2nd major anchor position and valine at 
the last major anchor position (dominant anchor amino 
acids) and had high binding affinity to HLA-A2.1, the 
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isolated MART- 1 or gplOO melanoma epitopes contain 
non-dominant amino acid at major anchor position such as 
alanine (the 2nd position of M9-2, the 9th position of 
G9-280) and threonine (the 2nd position of G9-154 and 
G9-209) . The M9 - 2 , G9-209 and G9-280 are not high 
affinity binders. By changing amino acid at the 1st, 2nd, 
3rd or 9th positions which are important for HLA-A2 
binding to the peptide, but less important for recognition 
by T-cell receptors, artificial peptides which can bind to 
HLA-A2.1 with higher affinity and still be recognized by 
natural epitope specific T- cells may be generated. 

Among modified M9-2, G9-280, G9-209, G9-154 peptides, 
M9-2-2L, M9-2-1F, M9-2-3Y, G9-280-9V, G9-280-9L, 
G9-280-9I, G9-280-1F, G9-209.-2L, G9-209-2M, G9-209-2I, 
G9-209-1F, G9-209-1Y, G9-209-1W2L, G9-209-1F2L, 
G9-209-1Y2L have higher binding affinity and were 
recognized by the original melanoma reactive T- cells. 
(Tables 14, 15, 16 and 17) PBL stimulated with autologous 
PBMC pulsed with G9-154-2I, G9-209-1F2L, or G9-280-9V 
(Tables 18, 19 and 20) recognized and lysed not only the 
original epitopes but also melanoma tumor cells (624mel) 
better than PBL stimulated with natural epitopes (G9-154, 
G9-209 , G9-280) . 

These results demonstrated that modified peptides 
could be used for induction of ant i- tumor T- cells instead 
of natural epitopes. Other peptides which were not 
recognized by the particular T- cells used in our study, 
but have higher binding affinity to HLA-A2.1 may induce a 
different set of T- cells capable of recognizing the 
original melanoma epitopes in ±n vitro or in vivo. These 
modified peptides may be used for induction of 
anti -melanoma T- cells in vitro and immunization of 
patients for the treatment of patients with melanoma or 
for the prevention of melanoma. 
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™e '4: Modified MART-1 M9-2 peptides 
Peptide Sequence 



Binding 

affinity 

to 

HLA-A2.1 
(nM) 



Recognition 
by M9-2 
reactive 
T-ceU 



10 



15 



20 



M9-2 
M9-2 
M9-2 
M9-2 
M9-2 
M9-2 
M9-2- 
M9-2- 
M9-2- 
M9-2 
M9-2 
M9-2 
M9-2. 
M9-2- 
M9-2- 
M9-2- 
M9-2- 
M9-2 
M9-2 



parent 
-2L 
2M 
-21 
-1W 
-IF 
-1Y 
■3W 
3F 
3Y 
1K2L 
-1K2M 
-1K2I 
-1W2L 
-1F2L 
-1Y2L 
•2L3W 
-2L3F 
2L3Y 



AAGIGILTV 

ALGIGILTV 

AMGIGILTV 

AIGIGILTV 

WAGIGILTV 

FAGIGILTV 

YAGIGELTV 

AAWIGILTV 

AAFIGILTV 

AAYIGELTV 

KLGIGILTV 

KMGIGILTV 

KIGIGELTV 

WLGIGILTV 

FLGIGILTV 

YLGIGILTV 

ALWIGILTV 

AUFTGILTV 

ALYIGILTV 



(SEO ID NO- 4^ 


1U04 


fSEO ID Nosm 


in 


fSEO ID N05H 




(SEQ ID NO:52) 


77 


(SEQ ID NO:53) 


1351 


(SEQ ID NO:54) 


244 


(SEQ ID NO:55) 


136 


(SEQ ID NO:56) 


65 


(SEQ ID NO:57) 


67 


(SEQ ID NO:58) 


102 


(SEQ ID NO:59) 


14 


(SEQ ED NO: 60) 


27 


(SEQ ID NO: 61) 


94 


(SEQ ED NO: 62) 


11 


(SEQ ED NO: 63) 


1.8 


(SEQ ED NO: 64) 


3.2 


(SEQ ED NO: 65) 


5.5 


(SEQ ED NO: 66) 


1.4 


(SEQ ED NO: 67) 


3.7 



+ 
+ 



+ 
+ 



+ 
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Table 15. Modified gplOO G9-154 peptides 



10 



20 



reptiae 


Sequence 








Binding 


Recognition 












affinity 


by G9-154 












to 


reactive 












TTT A All 

HLA-A2. 1 


T-cell 












(nM) 




G9-154 parent 


KTWGQYwQV 


(SEQ 


ID 


NO: 46) 


5.7 


+ 


G9-154-2L 


KLWGQYWQV 


(SEQ 


ID 


NO: 68) 


2 


+ 


G9-154-2M 


KMWGQYWQV 


(SEQ 


ED 


NO: 69) 


6.5 


+ 


G9- 154-21 


KTWGQYWQV 


(SEQ 


ED 


NO: 70) 


3 


+ 


G9-154-1W 


WTWGQYWQV 


(SEQ 


ED 


NO:71) 


60 


— 


G9-154-1F 


FTWGQYWQV 


(SEQ 


ED 


NO:72) 


1.6 


- 


G9-154-1 Y 


YTWGQYWQV 


(SEQ 


ED 


NO: 73) 


2.5 




G9-154-1A 


ATWGQYWQV 


(SEQ 


ID 


NO: 74) 


5.2 


+ 


G9-154-1L 


LTWGQYWQV 


(SEQ 


ED 


NO:75) 


3.4 


+ 


G9-154-3Y 


KTYGQYWQV 


(SEQ 


ED 


NO:76) 


30 


+ 


G9-154-3F 


KTFGQYWQV 


(SEQ 


ED 


NO:77) 


21 


+ 


G9-154-1A2L 


ALWGQYWQV 


(SEQ 


ED 


NO:78) 


2.3 


+ 


G9-154-1L2L 


LLWGQYWQV 


(SEQ 


ED 


NO:79) 


1.6 


4- 


G9-154-1W2L 


WLWGQYWQV 


(SEQ 


ED 


NO:80) 


2.8 




G9-154-1F2L 


FLWGQYWQV 


(SEQ 


ED 


NO:81) 


2.6 




G9-154-1Y2L 


YLWGQYWQV 


(SEQ 


ID 


NO: 82) 


1.7 
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? able 16 - Modified gplOO G9-209 peptides 
Peptide Sequence 



Binding 

affinity 

to 

HLA-A2.1 
(nM)* 



Recognition 
by G9-209 
reactive 
T-ceU 



10 



15 



20 



25 



G9-209 
G9-209 
G9-209 
G9-209 
G9-209- 
G9-209- 
G9-209- 
G9-209- 
G9-209 
G9-209 
G9-209 
G9-209- 
G9-209- 
G9-209- 
G9-209- 
G9-209 
G9-209 
G9-209 
G9-209- 
G9-209- 
G9-209- 
G9-209- 



parent 
■2L 
•2M 
21 
-IF 
-1W 
-1Y 
-3W 
-3F 
■3Y 
3A 
3M 
-3S 

-2L3W 
-2L3F 
-2L3Y 
•2L3A 
2L3M 
2L3S 
1W2L 
1F2L 
1Y2L 



ITDQVPFSV 

ILDQVPFSV 

IMDQVPFSV 

HDQVPFSV 

FTDQVPFSV 

WTDQVPFSV 

YTDQVPFSV 

rrwQvpFsv 

ITFQVPFSV 
ITYQVPFSV 
ITAQVPFSV 
ITMQVPFSV 

itsqvpfsv 
ilwqvpfsv 

ILFQVPFSV 

ILYQVPFSV 

ILAQVPFSV 

ILMQVPFSV 

ILSQVPFSV 

WLDQVPFSV 

FLDQVPFSV 

YLDQVPFSV 



CSEO ID NC) d%\ 


1 71 


+ 




J.J 


+ 


fSEO ID MO-SA^ 


1 Q 


+ 


fSEO rn Nrrvs^ 


4U 


+ 


fSEO rn MO'S^ 


ol 


+ 


(SEO ID NO'RT) 


71 1 


+ 


(SEQ ID NO: 88) 


85 


+ 


(SEQ ID NO: 89) 


34 




(SEQ ID NO:90) 


66 




(SEQ ID NO:91) 


33 




(SEQ ID NO:92) 


95 




(SEQ ID NO:93) 


40 




(SEQ ID NO: 94) 


649 




(SEQ ID NO:95) 


1.7 




(SEQ ID NO:96) 


2 




(SEQ ID NO:97) 


5 




(SEQ ID NO:98) 


11 




(SEQ ID NO:99) 


7.6 




(SEQ ID NO: 100) 


20 




(SEQ ID NO: 101) 


12 


+ 


(SEQ ID NO: 102) 


2.2 


+ 


(SEQ ID NO: 103) 


2.3 


+ 



a Concentration of sample peptide required for 50% inhibition of the 
standard radiolabeled peptide HBC 18-27. Pemirte* 

go* inhibition a. <50nM), innate (SO^oSnlS, and "w^i lSonM, 
binding peptides, (see example 4) ^ Jwruvij 
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Table 17. Modified gplOO G9-280 peptides 



Peptide 



Sequence 



Binding 
affinity 
to 

HLA-A2.1 
(nM) 



Recognition 
by G9-280 
reactive 
T-cells 



10 



G9-280 


parent 


YLEPGPVTA 


(SEQ 


ED 


NO 


:40) 


455 


+ 


G9-280- 


-9V 


YLEPGPVTV 


(SEQ 


ED 


NO 


:104) 


48 


+ 


G9-280- 


■9L 


YLEPGPVTL 


(SEQ 


ID 


NO 


.105) 


88 


+ 


G9-280- 


-91 


YLEPGPVTI 


(SEQ 


ED 


NO 


.106) 


65 


+ 


G9-280- 


IF 


FLEPGPVTA 


(SEQ 


ED 


NO 


.107) 


125 


+ 


G9-280- 


1W 


WLEPGPVTA 


(SEQ 


ED 


NO 


108) 


833 


+ 


G9-280- 


-3Y 


YLYPGPVTA 


(SEQ 


ED 


NO 


109) 


17 




G9-280- 


■3W 


YLWPGPVTA 


(SEQ 


ED 


NO 


110) 


3.2 




G9-280- 


■3F 


YLFPGPVTA 


(SEQ 


ED 


NO 


111) 


3.2 




G9-280- 


■3M 


YLMPGPVTA 


(SEQ 


ED 


NO 


112) 


4.3 




G9-280- 


■3S 


YLSPGPVTA 


(SEQ 


ID 


NO: 


113) 


42 




G9-280- 


•3A 


YLAPGPVTA 


(SEQ 


ED 


NO: 


114) 


9.3 




G9-280- 


■3M9V 


YLMPGPVTV 


(SEQ 


ID 


NO: 


115) 


12 




G9-280- 


3S9V 


YLSPGPVTV 


(SEQ 


ED 


NO: 


116) 


23 




G9-280- 


•3A9V 


Y1APGPVTV 


(SEQ 


ID 


NO: 


117) 


15 




G9-280- 


•3Y9V 


YLYPGPVTV 


(SEQ 


ID 


NO: 


118) 


8.9 




G9-280- 


3F9V 


YUFPGPVTV 


(SEQ 


ED 


NO: 


119) 


5.8 




G9-280- 


•3W9V 


YLWPGPVTV 


(SEQ 


ED 


NO: 


120) 


7.4 
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Table 18 - Induction of anti-melanoma CTL using modified G9-154 peptide 

Effector T-cells 



Target PBL stimulated PBL stimulated 

with G9-154 with G9- 154-21 





% specific lysis (E:T=40:1) 


T2 


11 1 


T2 + G9-154 


14 37 


T2+G9- 154-21 


8 38 


624mel 


5 23 



15 51 Cr release assay was performed after 4 times stimulation with autologous 
PBMC preincubated with peptides. 
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Table 19. Induction of anti-melanoma CTL using modified G9-209 peptide 

Effector T-cells 

Target PBL stimulated PBL stimulated 

with G9-209 with G9-209-1F2L 

% specific lysis (E:T=40:1) 

T2 0 0 

T2+G9-209 6 85 

T2+G9-209-1F2L 1 86 

624mel 4 63 



15 Sl Cr release assay was performed after 4 times stimulation with autologous 
PBMC preincubated with peptides. 
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Tabled Induction of anti-melanoma CTL using modified G9-280 peptide 

Effector T-ceils 



Target 



PBL stimulated 
with G9-280 



PBL stimulated 
with G9-280-9V 



10 



15 



% specific lysis (E:T=40:1) 

T2+G9-280 11 g7 

T2+G9-280-9V 8 
624mel 1 1 



58 
71 
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Example 6 

MART- 1 Vaccines As A Treatment For Melanoma In Mammals 
MART- 1 vaccines may be efficacious in treating 
mammals afflicted with melanoma. For example, MART- 1 
vaccines may be administered to individuals. Mammals can 
be immunized with the MART- 1 proteins, peptides or 
modified peptides described herein in ranges of about lmg- 
to about lOOmg. Alternatively mammals, preferably humans 
may be immunized with the MART- 1 nucleic acid sequence 
inserted into a viral vector such as vaccinia virus, 
adenovirus . or fowl pox virus. A range of about 10 6 to 
about 10 u viral particles carrying the MART- 1 nucleic acid 
sequences corresponding to immunogenic MART- 1 peptides or 
modified peptides or analogs thereof, may be administered 
per mammal, preferably a human. The mammals will be 
monitored for antibodies to the immunogen or increase in 
cytotoxic lymphocytes (CTL) recognizing the immunogen by 
conventional methods or alleviation of clinical signs and 
symptoms of the active disease. Specific parameters to be 
assessed include production of immune cells that recognize 
the vaccine antigen or tumor regression. Such vaccines 
may be administered either prophylactically or 
therapeutically. Mammals may also be immunized with the 
gp-100 nucleic acid sequence inserted into a retroviral 
vector or GP-100 immunogenic peptides or modified peptides 
or analogs thereof. Suggested dose ranges of the antigen 
in retroviruses that may be used are about 10 6 to about 
10 11 viral particles per mammal, preferably a human. 
Response and efficacy of the retroviral vaccines will be 
assessed as described above. 

Example 7 

Use Of Lymphocytes Sensitized To Immunogenic Peptides 

Derived From Melanoma Antigens For Therapeutically 
Treating Mammals Afflicted With Melanoma 



T- lymphocytes presensitized to the melanoma antigen 
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may be effective in therapeutically treating mammals 
afflicted with melanoma. The T- lymphocytes will be 
isolated from peripheral blood lymphocytes or tumor 
infiltrating lymphocytes and exposed in vitro to the 
MART-l protein or peptide. T- lymphocytes are isolated 
from peripheral blocd or melanoma tumor suspensions and 
cultured in vitro (Kawakami, Y. et al . (1988) J. Exn. MoH 
168: 2183-2191). The T- lymphocytes are exposed to the 
MART-l peptide AAGIGILTV for a period of about to 1-16 
hours at a concentration of about 1 to about lOmg/ml T- 
lymphocytes exposed to the antigen will be administered to 
the mammal, preferably a human at about 10' to about 10' 2 
lymphocytes per mamrral . Alternatively, the T- lymphocytes 
may be exposed to the modified MART-l peptides. The 
lymphocytes may be administered either intravenously 
intraperitoneal^ or intralesionally . This treatment may 
be administered concurrently with other therapeutic 
treatments such as cytokines, radiotherapy, surgical 
excision of melanoma lesions and chemotherapeutic drugs 
adoptive T lymphocyte therapy. Alternatively, the T- 
lymphocytes may be exposed to the gplOO immunogenic 
peptides or modified immunogenic peptides described 
herein. 

The present invention is not to be limited in scope 
by the nucleic acid sequences deposited, since the 
deposited embodiments is intended as a single illustration 
of one aspect of the invention and any sequences which are 
functionally equivalent are within the scope of this 
invention. Indeed, various modifications of the invention 
m addition to those shown and described herein will 
become apparent to those skilled in the art from the 
foregoing description and accompanying drawings. Such 
modifications are intended to fall within the scope of the 
dependent claims . 
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SEQUENCE LISTING 



(1) GENERAL INFORMATION: 

(i) APPLICANT: 

(A) NAME: THE GOVERNMENT OF THE UNITED 

5 STATES OF AMERICA AS REPRESENTED BY THE 

SECRETARY, DEPARTMENT OF HEALTH AND 
HUMAN SERVICES 

(B) STREET: 6011 EXECUTIVE BOULEVARD-BOX 13 

(C) CITY: ROCKVILLE 

( D ) S TATE : MARYLAND 

(E) COUNTRY; USA 

(F) POSTAL CODE: 20852 

(ii) TITLE OF INVENTION: MELANOMA ANTIGENS AND 
THEIR USE IN DIAGNOSTIC AND THERAPEUTIC 
METHODS 

(iii) NUMBER OF SEQUENCES: 12 6 

15 (iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: MORGAN & FINNEGAN 

(B) STREET; 345 PARK AVENUE 

(C) CITY: NEW YORK 

(D) STATE: NEW YORK 

(E) COUNTRY : USA 

(F) ZIP: 10154 

20 (v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: FLOPPY DISK 

(B) COMPUTER: IBM PC COMPATIBLE 

(C) OPERATING SYSTEM: PC-DOS /MS -DOS 

(D) SOFTWARE: ASCII 

(vi) CURRENT APPLICATION DATA: 
25 (A) APPLICATION NUMBER: 

(B) FILING DATE: 21-APR-1995 

(C) CLASSIFICATION: 

(vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: US/08/417,174 

(B) FILING DATE: 05-APR-1995 

30 (vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER; US/08/231 ,. 565 

(B) FILING DATE: 22-APR-1994 

(C) CLASSIFICATION: 
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(viii) ATTORNEY /AGENT INFORMATION: 

(A) NAME; WILLIAM S. FEILER 

(B) REGISTRATION NUMBER: 26,728 

(C) REFERENCE /DOCKET NUMBER: 2 026-4124 
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(ix) TELECOMMUNICATION INFORMATION- 

(A) TELEPHONE: (212) 758-4800 

(B) TELEFAX: (212) 751-6849 

(C) TELEX: 421792 

(2) INFORMATION FOR SEQ ID NO: 1: 




5 


(i) SEQUENCE CHARACTERISTICS • 

(A) LENGTH: 1559 

(B) TYPE: NUCLEOTIDE 

\*~) a 1KANDEDNESS : DOUBLE 
(D) TOPOLOGY: UNKNOWN 

(ii) MOLECULE TYPE: cDNA 




10 


(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1: 






AGCAGACAGA GGACTCTCAT TAAGGAAGGT GTCCTGTGCC 


a n 




CTGACCCTAC AAGATGCCAA GAGAAGATGC TCACTTCATC 


o U 


15 


TATGGTTACC CCAAGAAGGG GCACGGCCAC TCTTACACCA 


TOO 
1^ U 




CGGCTGAAGA GGCCGCTGGG ATCGGCATCC TGACAGTGAT 


IbU 




CCTGGGAGTC TTACTGCTCA TCGGCTGTTG GTATTGTAGA 


o n a. 
zUU 




AGACGAAATG GATACAGAGC CTTGATGGAT AAAAGTCTTC 




20 


ATGTTGGCAC TCAATGTGCC TTAACAAGAA GATGCCCACA 


O O ft 

280 




AGAAGGGTTT GATCATCGGG ACAG CAAAGT GTCTCTTCAA 


"5 *1 ft 

320 




GAGAAAAACT GTGAACCTGT GGTTCCCAAT GCTCCACCTG 




* 

25 


CTTATGAGAA ACTCTCTGCA GAACAGTCAC CACCACCTTA 


^ r\ n 


TTCACCTTAA GAGCCAGCGA GACACCTGAG ACATGCTGAA 


/l /i A 




ATTATTTCTC TCACACTTTT cr-nr.^-Fm- * »™ „, 


>* a ft 
4 8 0 




TCTAATGTTC TCCTTTGGAA TGGTGTAGGA AAAATGCAAG 


con 


30 


CCATCTCTAA TAATAAGTCA GTGTTAAAAT TTTAGTAGGT 




CCGCTAGCAG TACTAATCAT GTGAGGAAAT GATGAGAAAT 


ft ft 

600 




ATTAAATTGG GAAAACTCCA TCAATAAATG TTGCAATGCA 


640 




TGATACTATC TGTGCCAGAG GTAATGTTAG TAAATCCATG 


680 


35 


GTGTTAriTT CTGAGAGACA GAATTCAAGT GGGTATTCTG 


720 
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GGGCCATCCA ATTTCTCTTT ACTTGAAATT TGGCTAATAA 760 

CAAACTAGTC AGGTTTTCGA ACCTTGACCG ACATGAACTG 800 

TACACAGAAT TGTTCCAGTA CTATGGAGTG CTCACAAAGG 840 

ATACTTTTAC AGGTTAAGAC AAAGGGTTGA CTGGCCTATT 880 

TATCTGATCA AGAACATGTC AGCAATGTCT CTTTGTGCTC 92 0 

TAAAATTCTA TTATACTACA ATAATATATT GTAAAGATCC 960 

TATAG CTCTT TTTTTTTGAG ATGGAGTTTC GC TTTT GTTG 1000 

CCCAGGCTGG AGTGCAATGG CGCGATCTTG GCTCACCATA 1040 

ACCTCCGCCT CCCAGGTTCA AGCAATTCTC CTGCCTTAGC 1080 

CTCCTGAGTA GCTGGGATTA CAGGCGTGCG CCACTATGCC 1120 

TGACTAATTT TGTAGTTTTA GTAGAGACGG GGTTTCTCCA 1160 

I 5 TGTTGGTCAG GCTGGTCTCA AACTCCTGAC CTCAGGTGAT 1200 

CTGCCCGCCT CAGCCTCCCA AAGTG CTGG A ATTACAGGCG 1240 

TGAGCCACCA CGCCTGGCTG GATCCTATAT CTTAGGTAAG 1280 

ACATATAACG CAGTCTAATT ACATTTCACT TCAAGGCTCA 1320 

20 ATG CTATTCT AACTAATGAC AAGTATTTTC TACTAAACCA 1360 

GAAATTGGTA GAAGGATTTA AATAAGTAAA AG CTACTATG 14 00 

TACTGCCTTA GTGCTGATGC CTGTGTACTG CCTTAAATGT 144 0 

ACCTATGGCA ATTTAGCTCT CTTGGGTTCC CAAATCCCTC 1480 

25 

TCACAAGAAT GTGCAGAAGA AATCATAAAG GATCAGAGAT 152 0 

TCTGAAAAAA AAAAAAAAAA AAAAAAAAAA AAAAAAAAA 1559 

(2) INFORMATION FOR SEQ ID NO : 2: 

30 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 118 

(B) TYPE: amino acid 

(C) STRANDEDNESS : Unknown 
{ D ) TOPOLOGY : Unknown 



35 



(ii) MOLECULE TYPE: Protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 2 
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o 

Met Pro Arg Glu Asp Ala His Phe He Tyr Gly Tyr Pro Lys 

5 10 
Lys Gly His Gly His Ser Tyr Thr Thr Ala Glu Glu Ala Ala 

20 25 
Gly lie Gly He Leu Thr Val He Leu Gly Val Leu Leu Leu 

5 He Gly Cys Trp Tyr Cys Arg Arg Arg Asn Gly Tyr Arg Ala 

50 55 
Leu Met Asp Lys Ser Leu His Val Gly Thr Gin Cys Ala Leu 

Thr Arg Arg Cys Pro Gin Glu Gly Phe Asp His Arg Asp sir 

75 90 
Lys Val Ser Leu Gin Glu Lys Asn Cys Glu Pro Val Val Pro 

10 90 95 

Asn Ala Pro Pro Ala Tyr Glu Lys Leu Ser Ala Glu Gin Ser 

105 no 

Pro Pro Pro Tyr Ser Pro 
115 



35 



(2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH : 9 

(B) TYPE: amino acid 

(C) STRANDEDNESS : Unknown 

(D) TOPOLOGY: Unknown 

(ii) MOLECULE TYPE: Peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3 

Thr Thr Ala Glu Glu Ala Ala Gly He 

5 

(2) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 9 

(B) TYPE: amino acid 

(C) STRANDEDNESS: Unknown 

(D) TOPOLOGY: Unknown 

(ii) MOLECULE TYPE: Peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 

Ala Ala Gly He Gly He Leu Thr Val 
1 5 
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(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 

(B) TYPE: amino acid 

(C) STRANDEDNESS: Unknown 

(D) TOPOLOGY: Unknown 

(ii) MOLECULE TYPE: Peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5 



Gly lie Gly lie Leu Thr Val lie Leu 
1 5 



(2) INFORMATION FOR SEQ ID NO: 6: 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 

(B) TYPE: amino acid 

15 (C) STRANDEDNESS : Unknown 

(D) TOPOLOGY: Unknown 

(ii) MOLECULE TYPE: Peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6 

20 Gly lie Leu Thr Val lie Leu Gly Val 
1 5 



(2) INFORMATION FOR SEQ ID NO: 7: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 

(B) TYPE: amino acid 

(C) STRANDEDNESS: Unknown 

(D) TOPOLOGY: Unknown 

(ii) MOLECULE TYPE: Peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 7 



35 



lie Leu Thr Val lie Leu Gly Val Leu 
1 5 



(2) INFORMATION FOR SEQ ID NO: 8: 
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(i) SEQUENCE CHARACTERISTICS • 

(A) LENGTH: 9 

(B) TYPE: amino acid 

(C) STRANDEDNESS : Unknown 

(D) TOPOLOGY: Unknown 

(ii) MOLECULE TYPE: Pep.tide 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8 

Leu Thr Val n e Leu Gly val Leu Leu 

(2) INFORMATION FOR SEQ ID NO: 9 : 

( i > SEQUENCE CHARACTERISTICS • 

(A) LENGTH: 9 

(B) TYPE: amino acid 
m STRANDEDNESS : Unknown 
(D) TOPOLOGY: Unknown 

(ii) MOLECULE TYPE: Peptide 
(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 

Thr Val He Leu Gly Val Leu Leu Leu 

(2) INFORMATION FOR SEQ ID NO: 10: 

(i) SEQUENCE CHARACTERISTICS- 

(A) LENGTH: 9 

(B) TYPE: amino acid 

25 {C) STRANDEDNESS: Unknown 

(D) TOPOLOGY: Unknown 

(ii) MOLECULE TYPE -. tonn^ 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 

Val He Leu Gly Val Leu Leu Leu He 

1 c 



(2) INFORMATION FOR SEQ ID NO: 11: 

35 (i) SEQUENCE CHARACTERISTICS • 

(A) LENGTH: 9 
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(B) TYPE: amino acid 

( C ) STRANDEDNESS : Unknown 

(D) TOPOLOGY: Unknown 

<ii) MOLECULE TYPE: Peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11 



Ala Leu Met Asp Lys Ser Leu His Val 
1 5 



(2) INFORMATION FOR SEQ ID NO: 12: 

*0 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 

(B) TYPE: amino acid 

(C) STRANDEDNESS : Unknown 

( D ) TOPOLOGY : Unknown 



(ii) MOLECULE TYPE: Peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12 



Ser Leu His Val Gly Thr Gin Cys Ala 
1 5 



20 (2) INFORMATION FOR SEQ ID NO: 13: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 

(B) TYPE: amino acid 

( C ) STRANDEDNESS : Unknown 

( D ) TOPOLOGY : Unknown 



35 



(ii) MOLECULE TYPE: Peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13 



Pro Val Val Pro Asn Ala Pro Pro Ala 
1 5 



(2) INFORMATION FOR SEQ ID NO: 14: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 

(B) TYPE: amino acid 

( C ) STRANDEDNESS : Unknown 
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O 

(D) TOPOLOGY: Unknown 
(ii) MOLECULE TYPE: Peptide 
(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14 

5 Asn Ala Pro Pro Ala Tyr Glu Lys Leu 

(2) INFORMATION FOR SEQ ID NO: 15: 

(i) SEQUENCE CHARACTERISTICS- 
10 (A > LENGTH : 10 

(B) TYPE: amino acid 

(C) STRANDEDNESS : Unknown 

(D) TOPOLOGY: Unknown 

(ii) MOLECULE TYPE: Peptide 

(X±) SEQUENCE DESCRIPTION: SEQ ID NO: 15 : 

Tyr Thr Thr Ala Glu Glu Ala Ala Gly He 

5 10 

(2) INFORMATION FOR SEQ ID NO: 16: 

(i) SEQUENCE CHARACTERISTICS- 

(A) LENGTH: 10 

(B) TYPE: amino acid 

. (C) STRANDEDNESS: Unknown 
(D) TOPOLOGY: Unknown 

(ii) MOLECULE TYPE: Peptide 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16: 

Thr Ala Glu Glu Ala Ala Gly He Gly He 

5 10 



(2) INFORMATION FOR SEQ ID NO: 17: 



(i) SEQUENCE CHARACTERISTICS- 

(A) LENGTH: 10 

(B) TYPE: amino acid 

(C) STRANDEDNESS: Unknown 
35 (D) TOPOLOGY: Unknown 
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(ii) MOLECULE TYPE: Peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 17 



Glu Ala Ala Gly lie Gly lie Leu Thr Val 
15 10 



(2) INFORMATION FOR SEQ ID NO: 18: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 10 

(B) TYPE: amino acid 

(C) STRANDEDNESS : Unknown 

(D) TOPOLOGY: Unknown 

(ii) MOLECULE TYPE: Peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 18 



15 Ala Ala Gly lie Gly lie Leu Thr Val lie 
15 10 



(2) INFORMATION FOR SEQ ID NO: 19: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 10 

20 (B) TYPE: amino acid 

(C) STRANDEDNESS: Unknown 

(D) TOPOLOGY: Unknown 

(ii) MOLECULE TYPE: Peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 19 



35 



Gly lie Leu Thr Val lie Leu Gly Val Leu 
15 10 



(2) INFORMATION FOR SEQ ID NO: 20: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 10 

(B) TYPE: amino acid 

(C) STRANDEDNESS: Unknown 

(D) TOPOLOGY: Unknown 

(ii) MOLECULE TYPE: Peptide 
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Cxi) SEQUENCE DESCRIPTION: SEQ ID NO: 20: 

He Leu Thr Val lie Leu Gly Val Leu Leu 



5 10 



(2) 



INFORMATION FOR SEQ ID NO: 21: 

(i) SEQUENCE CHARACTERISTICS • 

(A) LENGTH: 10 

(B) TYPE: amino acid 

m JTRANDEDNESS: Unknown 
(D) TOPOLOGY: Unknown 

(ii) MOLECULE TYPE: Peptide 
SEQUENCE DESCRIPTION: SEQ ID NO: 21 



(xi) 



Leu Thr val lie Leu Gly.Val Leu Leu Leu 
15 5 10 



(2) 



INFORMATION FOR SEQ ID NO: 22: 

(i) SEQUENCE CHARACTERISTICS - 
(A) LENGTH: 10 

<B> TYPE: amino acid 
20 £ STRANDEDNESS : Unknown 

TOPOLOGY: Unknown 

(ii) MOLECULE TYPE: Peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 22 

, 5 Thr val n e Leu Gly Val Leu Leu Leu lie 



(2) INFORMATION FOR SEQ ID NO: 23: 

(i) SEQUENCE CHARACTERISTICS- 

(A) LENGTH: 10 

(B) TYPE: amino acid 

n STRANDEDNESS : Unknown 
(D) TOPOLOGY: Unknown 

(ii) MOLECULE TYPE: Peptide 

35 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 23: 
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Arg Ala Leu Met Asp Lys Ser Leu His Val 
15 10 



10 



15 



20 



25 



(2) INFORMATION FOR SEQ ID NO : 24: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 10 

(B) TYPE: amino acid 

(C) STRANDEDNESS : Unknown 

(D) TOPOLOGY: Unknown 

(ii) MOLECULE TYPE: Peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 24 



Ser Leu His Val Gly Thr Gin Cys Ala Leu 
15 10 



(2) INFORMATION FOR SEQ ID NO: 25: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 10 

(B) TYPE: amino acid 

(C) STRANDEDNESS: Unknown 

(D ) TOPOLOGY : Unknown 

(ii) MOLECULE TYPE: Peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 2 5 



Ser Leu Gin Glu Lys Asn Cys Glu Pro Val 
15 10 



(2) INFORMATION FOR SEQ ID NO : 26: 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 2172 

(B) TYPE: nucleotide 

(C) STRANDEDNESS: Double 
30 (D) TOPOLOGY: Unknown 

(ii) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 2 6 



35 



GTCGACGGCC ATTACCAATC GCGACCGGGA AGAACACAAT 40 
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o 

GGATCTGGTG CTAAAAAGAT GCCTTCTTCA TTTGGCTGTG 
ATAGGTGCTT TGCTGGCTGT GGGGGCTACA AAAGTACCCA 
GAAACCAGGA CTGGCTTGGT GTCTCAAGGC AACTCAGAAC 
CAAAGCCTGG AACAGGCAGC TGTATCCAGA GTGGACAGAA 

5 

GCCCAGAGAC TTGACTGCTG GAGAGGTGGT CAAGTGTCCC 
TCAAGGTCAG TAATGATGGG CCTACACTGA TTGGTGCAAA 
TGCCTCCTTC TCTATTGCCT TGAACTTCCC TGGAAGCCAA 
1Q AAGGTATTGC CAGATGGGCA GGTTATCTGG GTCAACAATA 
CCATCATCAA TGGGAGCCAG GTGTGGGGAG GACAGCCAGT 
GTATCCCCAG GAAACTGACG ATGCCTGCAT CTTCCCTGAT 
GGTGGACCTT GCCCATCTGG CTCTTGGTCT CAGAAGAGAA 
15 GCTTTGTTTA TGTCTGGAAG ACCTGGGGCC AATACTGGCA 
ATTTCTAGGG GGCCCAGTGT CTGGGCTGAG CATTGGGACA 
GGCAGGGCAA TGCTGGGCAC ACACACCATG GAAGTGACTG 
TCTACCATCG CCGGGGATCC CGGAGCTATG TGCCTCTTGC 
TCATTCCAGC TCAGCCTTCA CCATTACTGA CCAGGTGCCT 
TTCTCCGTGA GCGTGTCCCA GTTGCGGGCC TTGGATGGAG 
GGAACAAGCA CTTCCTGAGA AATCAGCCTC TGACCTTTGC 
CCTCCAGCTC CATGACCCCA GTGGCTATCT GGCTGAAGCT 
GACCTCTCCT ACACCTGGGA CTTTGGAGAC AGTAGTGGAA 



20 



25 



30 



CC t C* r Vn R T/^PP TVC-ir-i /-«,>-••» r*r _. 

- ■ iwu.1 i bll3^IUU.TL ATACTTACCT 880 



GGAGCCTGGC CCAGTCACTG CCCAGGTGGT CCTGCAGGCT 
GCCATTCCTC TCACCTCCTG TGGCTCCTCC CCAGTTCCAG 
GCACCACAGA TGGGCACAGG CCAACTGCAG AGGCCCCTAA 
CACCACAGCT GGCCAAGTGC CTACTACAGA AGTTGTGGGT 
ACTACACCTG GTCAGGCGCC AACTGCAGAG C CCTCTGGAA i 0 80 
35 CCACATCTGT GCAGGTGCCA ACCACTGAAG TCATAAGCAC n 2 0 



920 
960 
1000 
1040 
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35 



TGCACCTGTG 


CAGATGCCAA 


CTGCAGAGAG 


CACAGGTATG 


1160 


ACACCTGAGA 


AGGTGCCAGT 


TTCAGAGGTC 


ATGGGTACCA 


1200 


CACTGGCAGA 


GATGTCAACT 


CCAGAGGCTA 


CAGGTATGAC 


1240 


ACCTG CAG AG 


GTATCAATTG 


TGGTGCTTTC 


TGGAACCACA 


1280 


GCTGCACAGG 


TAACAACTAC 


AGAGTGGGTG 


GAGACCACAG 


1320 


CTAGAGAGCT 


ACCTATCCCT 


GAGCCTGAAG 


GTCCAGATGC 


1360 


CAGCTCAATC 


ATGTCTACGG 


AAAGTATTAC 


AGGTTCCCTG 


1400 


GGCCCCCTGC 


TGGATGGTAC 


AGCCACCTTA 


AGGCTGGTGA 


1440 


AGAGACAAGT 


CCCCCTGGAT 


TGTGTTCTGT 


ATCGATATGG 


1480 


TTCCTTTTCC 


GTCACCCTGG 


ACATTGTCCA 


GGGTATTGAA 


1520 


AGTG CCG AG A 


TCCTGCAGGC 


TGTGCCGTCC 


GGTGAGGGGG 


1560 


ATGCATTTGA 


GCTGACTGTG 


TCCTGCCAAG 


GCGGGCTGCC 


1600 


CAAGGAAGCC 


TGCATGGAGA 


TCTCATCGCC 


AGGGTG CCAG 


1640 


CCCCCTGCCC 


AGCGGCTGTG 


CCAGCCTGTG 


CTACCCAGCC 


1680 


CAGCCTGCCA 


GCTGGTTLTG 


CACCAGATAC 


TGAAGGGTGG 


1720 


CTCGGGGACA 


TACTGCCTCA 


ATGTGTCTCT 


GGCTGATACC 


1760 


AACAGCCTGG 


CAGTGGTCAG 


CACCCAGCTT 


ATCATGCCTG 


1800 


GTCAAGAAGC 


AGGCCTTGGG 


CAGGTTCCGC 


TGATCGTGGG 


1840 


CATCTTG CTG 


GTGTTGATGG 


CTGTGGTCCT 


TGCATCTCTG 


1880 


ATATATAGGC 


GCAGACTTAT 


G AAG CAAG AC 


TTCTCCGTAC 


1920 


CCCAGTTGCC 


ACATAGCAGC 


AGTCACTGGC 


TGCGTCTACC 


1960 


CCGCATCTTC 


TGCTCTTGTC 


CCATTGGTGA 


GAACAGCCCC 


2000 


CTCCTCAGTG 


GGCAGCAGGT 


CTGAGTACTC 


TCATATGATG 


2040 


CTGTGAT , 1"1'T 


C CTGG AGTTG 


ACAGAAACAC 


CTATATTTCC 


2080 


CCCAGTCTTC 


CCTGGGAGAC 


TACTATTAAC 


TGAAATAAAT 


2120 


ACTC AG AG C C 


TGAAAAAAAA 


TAAAAAAAAA 


AAAAAAAAAA 


2160 


AAAAAAAAAA 


AA 






2172 
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(2) INFORMATION FOR SEQ ID NO: 27: 

(i) SEQUENCE CHARACTERISTICS • 
(A) LENGTH: 661 

(BJ TYPE: amino acid 

ml STRANDEDNESS : Unknown 

(D) TOPOLOGY: Unknown 

(ii) MOLECULE TYPE: Protein 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 27 

Met Asp Leu Val Leu Lys Arg Cys Leu Leu His Leu 
Ala Val lie Gly Ala Leu Leu Ala Val Gl'y Ala Thr 
Lys Val P ro ^ Asn Gin. Asp Tr^ Leu Gly Val Ser 
Arg Gin Leu Arg Thr Lys Ala Trp Asn Arg Gin Leu 
Tyr Pro Glu Trp Thr Glu Ala Gin Arg Leu Asp Cys 
Trp Arg Gly Gly Gin Val sir Leu Lys Val Ser J£ 
Asp Gly pro Thr Leu He Gly Ala Asn Ja Ser Phe 
Ser n e Ai a Leu Asn p ^ prQ fl 80 ^ ^ ^ ^ 

Leu Pro Asp Gly Gin Val He Trp Val Asn Asn Thr 
He lie Asn Gly Ser Gin Val Trp Gi°y Gly Gin Pro 
Val Tyr Pro Gin Glu Thr Asp Asp Ala Cys He Phe° 
Pro Asp Gly Gly Pro Cys Pro Ser Gly 11° Trp Ser 
Gin Lys Arg Ser Phe Val Tyr Vai° Trp Lys Thr Trp 

Glv Crl n TVfv rn „ _ 155 

' ^ ^ ^ 6 ^eu Gly Gly Pro Val Ser 

Gly Leu Ser Il e Gly Thr Gly Arg HI Met Leu Gly 
Thr His Thr Met Glu Val Thr Val Tyr His Arg Arg 
Gly Ser Arg Ser Tyr Val Pro Leu Ala hL° Ser Ser 
Ser Ala Phe Thr He Thr Asp G°in Val Pro Phe Ser 
Val Ser Val Ser Gin Leu Arg Ala Leu Asp Gl'y Gly 



Asn Lys His ine Leu Arg Asn Gin Pro Leu Thr Phe 



235 240 
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Ala Leu Gin 

Glu Ala Asp 
255 

Ser Ser Gly 
260 

Thr His Thr 

5 

Gin Val Val 

285 
Cys Gly Ser 

His Arg Pro 
310 

Gly Gin Val 
J 0 320 

Pro Gly Gin 

Thr Ser Val 

345 
Thr Ala Pro 

15 Gly Met Thr 

370 

Met Gly Thr 
380 

Ala Thr Gly 

Val Leu Ser 
405 

20 Thr Glu Trp 

lie Pro Glu 
430 

Met Ser Thr 
440 

Leu Leu Asp 

25 

Arg Gin Val 

465 
Gly Ser Phe 

He Glu Ser 
495 

Gly Glu Gly 
30 5 05 

Gin Gly Gly 

Ser Ser Pro 

530 
Cys Gin Pro 

Val Leu His 
555 



Leu His Aso 

245 
Leu Ser Tyr 

Thr Leu He 
265 

Tyr Leu Glu 
275 

Leu Gin Ala 

Ser Pro Val 

300 
Thr Ala Glu 

Pro Thr Thr 
325 

Ala Pro Thr 
335 

Gin Val Pro 

Val Gin Met 

360 
Pro Glu Lys 

Thr Leu Ala 
385 

Met Thr Pro 
395 

Gly Thr Thr 

Val Glu Thr 

420 
Pro Glu Gly 

Glu Ser He 
445 

Gly Thr Ala 
455 

Pro Leu Asp 

Ser Val Thr 

480 
Ala Glu He 

Asp Ala Phe 
510 

Leu * Pro Lys 
520 

Gly Cys Gin 

Val Leu Pro 

545 
Gin He Leu 
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Pro Ser Gly 

Thr Trp Asp 
260 

Ser Arg Ala 

Pro Gly Pro 
280 

Ala He Pro 
290 

Pro Gly Thr 

Ala Pro Asn 
315 

Glu Val Val 

Ala Glu Pro 
340 

Thr Thr Glu 
350 

Pro Thr Ala 

Val Pro Val 
375 

Glu Met Ser 

Ala Glu Val 
400 

Ala Ala Gin 
410 

Thr Ala Arg 

Pro Asp Ala 

435 
Thr Gly Ser 

Thr Leu Arg 
460 

Cys Val Leu 
470 

Leu Asp lie 

Leu Gin Ala 

500 
Glu Leu Thr 

Glu Ala Cys 
525 

Pro Pro Ala 
535 

Ser Pro Ala 

Lys Gly Gly 
560 
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Tyr Leu Ala 
250 

Phe Gly Asp 

Leu Val Val 

270 
Val Thr Ala 

Leu Thr Ser 
295 

Thr Asp Gly 
305 

Thr Thr Ala 

Gly Thr Thr 

330 
Ser Gly Thr 

Val He Ser 
355 

Glu Ser Thr 
365 

Ser Glu Val 

Thr Pro Glu 

390 
Ser He Val 

Val Thr Thr 
415 

Glu Leu Pro 
425 

Ser Ser He 

Leu Gly Pro 

450 
Leu Val Lys 

Tyr Arg Tyr 
475 

Val Gin Gly 
490 

Val Pro Ser 

Val Ser Cys 

515 
Met Glu He 

Gin Arg Leu 
540 

Cys Gin Leu 
550 

Ser Gly Thr 
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Tyr cys Leu Asn Val Ser Leu Ala Asp Thr Asn Ser 
LeU Ma Val J** S " Gin Leu He Met III Gly 
Gin Glu Ala Gly Leu Gly Gin Val "o Leu He Val 
Gly lie Leu Leu Val Leu Me! Ala Val Val Leu 1?° 

Ser Leu lie Tyr Arg Arg Arg Leu Met lyl Gin Asp 
|he ser Val Pro Qln prQ S20 g ^ 

Trp Leu Arg Leu Pro Arg lie Phe Cys Ser "I Pro 
He Gly Glu Asn ser Pro Leu Leu ler Gly Gin Gl„ 
Val 555 660 

(2) INFORMATION FOR SEQ ID NO: 28: 

(i) SEQUENCE CHARACTERISTICS • 
(A) LENGTH: 7 

<B) TYPE: amino acid 

ml 5JKANDEDNESS : Unknown 

(D) TOPOLOGY: Unknown 

(ii) MOLECULE TYPE: Protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 28: 

Val Pro Gly H e Leu Leu Thr 
1 5 

(2) INFORMATION FOR SEQ ID NO: 29: 

(i) SEQUENCE CHARACTERISTICS- 

(A) LENGTH : 7 

(B) TYPE: amino acid 

m STRANDEDNESS : Unknown 
(D) TOPOLOGY: Unknown 

(ii) MOLECULE TYPE: Protein 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 29: 

Leu Leu Ser Gly Gin Gin Val 
1 5 



(2) INFORMATION FOR SEQ ID NO: 30: 
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(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 12 

(B) TYPE: amino acid 

(C) STRANDEDNESS : Unknown 

(D) TOPOLOGY: Unknown 

(ii) MOLECULE TYPE: Protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 3 0 



Pro Pro Gin Trp Ala Ala Gly Leu Ser Thr Leu lie 
15 10 



(2) INFORMATION FOR SEQ ID NO: 31: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 

(B) TYPE: amino acid 

( C ) STRANDEDNES S : Unknown 

(D) TOPOLOGY: Unknown 

(ii) MOLECULE TYPE: Peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 31 



Met Leu Leu Ala Val Leu Tyr Cys Leu 
1 5 



(2) INFORMATION FOR SEQ ID NO: 32: 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 

(B) TYPE: amino acid 

25 (C) STRANDEDNESS: Unknown 

( D ) TOPOLOGY : Unknown 

(ii) MOLECULE TYPE: Peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 32 

30 Tyr Met Asn Gly Thr Met Ser Gin Val 
1 5 

(2) INFORMATION FOR SEQ ID NO : 33: 



35 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 10 

(B) TYPE: amino acid 
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(C) STRANDEDNESS : Unknown 
TOPOLOGY: Unknown 

(ii) MOLECULE TYPE : Peptide 
(XX) SEQUENCE DESCRIPTION: SEQ ID NO: 33 

Leu Asp Gly Thr Ala Thr Leu Arg Leu 



5 10 



(2) INFORMATION FOR SEQ ID NO: 34: 

(i) SEQUENCE CHARACTERISTICS : . 
10 (A) LENGTH : 10 

JBJ TYPE: amino acid 
C STRANDEDNESS : Unknown 
TOPOLOGY : Unknown 

(ii) MOLECULE TYPE: Peptide 

15 (Xi> SEQUENCE DESCRIPTION: SEQ ID NO: 34 

Val Leu Tyr Arg Tyr Gly Ser Phe Ser Val 



5 10 



(2) INFORMATION FOR SEQ ID NO: 35 : 

20 U) SEQUENCE CHARACTERISTICS- 

(A) LENGTH: 10 

Irl 52? : 3101110 ac id 
C STRANDEDNESS: Unknown 
TOPOLOGY: UnknowT 

(ii) MOLECULE TYPE: Peptide 

SEQUENCE DESCRIPTION: SEQ ID NO: 35 



25 (xi) 



Ala Leu Asp Gly Gly Asn Lys His Phe l«, 
(2) INFORMATION FOR SEQ ID NO: 36: 



30 (i) 



SEQUENCE CHARACTERISTICS • 

(A) LENGTH: 9 ±t>ilcs - 

(B) TYPE: amino acid 



ln \ 1,11': ' eunino acid 
C STRANDEDNESS : Unknown 
(D) TOPOLOGY: Unknown 

(ii) MOLECULE TYPE: Peptide 

SEQUENCE DESCRIPTION: SEQ ID NO: 36: 



(xi) 
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Val Leu Lys Arg Cys Leu Leu His Leu 
1 5 



(2) INFORMATION FOR SEQ ID NO: 37: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 10 

(B) TYPE: amino acid 

(C) STRANDEDNESS : Unknown 

(D) TOPOLOGY: Unknown 

(ii) MOLECULE TYPE: Peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 37: 

Val Leu Pro Ser Pro Ala Cys Gin Leu Val 
15 10 

(2) INFORMATION FOR SEQ ID NO : 38: 

15 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 10 

(B) TYPE: amino acid 

(C) STRANDEDNESS: Unknown 

(D) TOPOLOGY: Unknown 

(ii) MOLECULE TYPE: Peptide 

20 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 38: 

Ser Leu Ala Asp Thr Asn Ser Leu Ala Val 
15 10 



35 



(2) INFORMATION FOR SEQ ID NO : 39: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 

(B) TYPE: amino acid 

(C) STRANDEDNESS: Unknown 

(D) TOPOLOGY: Unknown 

(ii) MOLECULE TYPE: Peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 39 

Ser Val Ser Val Ser Gin Leu Arg Ala 
1 5 

(2) INFORMATION FOR SEQ ID NO: 40: 
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(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 

(B) TYPE: amino acid 

(C) STRANDEDNESS : Unknown 

(D) TOPOLOGY: Unknown 

(ii) MOLECULE TYPE: Peptide 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 40 

Tyr Leu Glu Pro Gly Pro Val Thr Ala 
1 5 

(2) INFORMATION FOR SEQ ID NO: 41: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 

(B) TYPE: amino acid 

(C) STRANDEDNESS: Unknown 

(D) TOPOLOGY: Unknown 

15 (ii) MOLECULE TYPE: Peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 41 : 

Leu Asn Val Ser Leu Ala Asp Thr Asn 
1 5 



(2) INFORMATION FOR SEQ ID NO: 42: 

(i) SEQUENCE CHARACTERISTICS - 

(A) LENGTH: 58 

(B) TYPE: NUCLEOTIDE 

(C) STRANDEDNESS: DOUBLE 

(D) TOPOLOGY: UNKNOWN 

(ii) MOLECULE TYPE: cDNA 

( Xi ) S EHTTCTSTr'T? 

— » — ^^wui^rn^; o£.y ±u SNU : 42: 

GGACAGGCCG AGGCGGCCTT ' I ' l ' l ' l ' TTTTTT 1 1 ' 1 ' ITTTTTT 

58 

(2) INFORMATION FOR SEQ ID NO: 43: 



(i) SEQUENCE CHARACTERISTICS • 

(A) LENGTH: 12 

( B ) TYPE : NUCLEOTIDE 

(C) STRANDEDNESS : DOUBLE 
35 & ) TOPOLOGY : UNKNOWN 
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(ii) MOLECULE TYPE: cDNA 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 43: 

CCAATCGCGA CC 12 

5 (2) INFORMATION FOR SEQ ID NO: 44: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 14 

(B) TYPE: NUCLEOTIDE 

(C) STRAND EDNESS : DOUBLE 

(D) TOPOLOGY: UNKNOWN 

10 (ii) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 44: 

GGTCGCGATTG GTAA 14 

15 (2) INFORMATION FOR SEQ ID NO: 45: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 

(B) TYPE: amino acid 

(C) STRANDEDNESS : Unknown 

(D) TOPOLOGY: Unknown 

20 (ii) MOLECULE TYPE: Peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 45: 

Gly lie Leu Gly Phe Val Phe Thr Leu 
1 5 

25 (2) INFORMATION FOR SEQ ID NO: 46: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 

(B) TYPE: amino acid 

(C) STRANDEDNESS: Unknown 

(D) TOPOLOGY: Unknown 

30 

(ii) MOLECULE TYPE: Peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 46: 

Lys Thr Trp Gly Gin Tyr Trp Gin Val 
1 5 

35 (2) INFORMATION FOR SEQ ID NO: 47: 
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(i) SEQUENCE CHARACTERISTICS • 

(A) LENGTH: 10 

(B) TYPE: amino acid 

(C) STRANDEDNESS : Unknown 

(D) TOPOLOGY: Unknown 

(ii) MOLECULE TYPE: Peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 47 : 

Lys Thr Trp Gly Gin Tyr Trp Gin Val Leu 
1 * 



(2) INFORMATION FOR SEQ ID NO: 48: 

(i) SEQUENCE CHARACTERISTICS - 

(A) LENGTH: 9 

(B) TYPE: amino acid 

(C) STRANDEDNESS: Unknown 

(D) TOPOLOGY: Unknown 

(ii) MOLECULE TYPE: Peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 48: 

He Thr Asp Gin Val Pro Phe Ser Val 
1 5 

(2) INFORMATION FOR SEQ ID NO: 49: 

(i) SEQUENCE CHARACTERISTICS • 

(A) LENGTH: 10 

(B) TYPE: amino acid 

(C) STRANDEDNESS: Unknown 

(D) TOPOLOGY: Unknown 

(ii) MOLECULE TYPE: Peptide 
(xi) SEOUENCE 

— — -.w*. . uijy «i_ L*i X.WJ m *i ^7 ; 

Thr He Thr Asp Gin Val Pro Phe Ser Val 
1 5 10 

(2) INFORMATION FOR SEQ ID NO: 50: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 

(B) TYPE: amino acid 

( C } STRANDEDNESS : Unknown 
( D ) TOPOLOGY : Unknown 

(ii) MOLECULE TYPE: Peptide 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 50 

Ala Leu Gly lie Gly lie Leu Thr Val 
1 5 

(2) INFORMATION FOR SEQ ID NO: 51: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 

(B) TYPE: amino acid 

(C) STRANDEDNESS : Unknown 

(D) TOPOLOGY: Unknown 

(ii) MOLECULE TYPE: Peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 51 

Ala Met Gly lie Gly lie Leu Thr Val 
1 5 

(2) INFORMATION FOR SEQ ID NO: 52: 

15 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 

(B) TYPE: amino acid 

(C) STRANDEDNESS: Unknown 

(D) TOPOLOGY: Unknown 

(ii) MOLECULE TYPE: Peptide 

20 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 52: 

Ala lie Gly lie Gly lie Leu Thr Val 
1 5 

(2) INFORMATION FOR SEQ ID NO: 53: 

25 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 

(B) TYPE: amino acid 

(C) STRANDEDNESS: Unknown 

(D) TOPOLOGY: Unknown 

(ii) MOLECULE TYPE: Peptide 

30 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 53: 

Trp Ala Gly lie Gly lie Leu Thr Val 
1 5 

(2) INFORMATION FOR SEQ ID NO: 54: 

, (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 
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(B) TYPE: amino acid 

(C) STRANDEDNESS : Unknown 

(D) TOPOLOGY: Unknown 

(ii) MOLECULE TYPE : Peptide 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 54 

Phe Ala Gly He Gly He Leu Thr Val 
1 5 

(2) INFORMATION FOR SEQ ID NO: 55: 

(i) SEQUENCE CHARACTERISTICS- 

(A) LENGTH: 9 

(B) TYPE: amino acid 

(C) STRANDEDNESS: Unknown 

(D) TOPOLOGY: Unknown 

(ii) MOLECULE TYPE: Peptide 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 55: 

Tyr Ala Gly He Gly He Leu Thr Val 
1 5 

(2) INFORMATION FOR SEQ ID NO: 56: 

(i) SEQUENCE CHARACTERISTICS - 

(A) LENGTH: 9 

(B) TYPE: amino acid 

(C) STRANDEDNESS: Unknown 

(D) TOPOLOGY: Unknown 

(ii) MOLECULE TYPE: Peptide 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 56: 

Ala Ala Trp lie Gly He Leu Thr Val 
1 5 

(2) INFORMATION FOR SEQ ID NO : 57: 

(i) SEQUENCE CHARACTERISTICS- 
(A) LENGTH: 9 

30 (B) TYPE: amino acid 

(C) STRANDEDNESS : Unknown 

(D) TOPOLOGY: Unknown 

« 

(ii) MOLECULE TYPE: Peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO- 57- 

35 
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Ala Ala Phe lie Gly lie Leu Thr Val 
1 5 

(2) INFORMATION FOR SEQ ID NO: 58: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 9 

5 (B) TYPE: amino acid 

(C) STRANDEDNESS : Unknown 

(D) TOPOLOGY: Unknown 

(ii) MOLECULE TYPE: Peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 58 

10 Ala Ala Tyr He Gly He Leu Thr Val 
1 5 

(2) INFORMATION FOR SEQ ID NO: 59: 



15 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 

(B) TYPE: amino acid 

(C) STRANDEDNESS: Unknown 

(D) TOPOLOGY: Unknown 

(ii) MOLECULE TYPE: Peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 59 

20 Lys Leu Gly He Gly He Leu Thr Val 
1 5 

(2) INFORMATION FOR SEQ ID NO: 60: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 

(B) TYPE: amino acid 

(C) STRANDEDNESS: Unknown 

(D) TOPOLOGY: Unknown 



25 



(ii) MOLECULE TYPE: Peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 60 

30 Lys Met Gly He Gly He Leu Thr Val 
1 5 

(2) INFORMATION FOR SEQ ID NO: 61: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 

(B) TYPE: amino acid 

35 (C) STRANDEDNESS: Unknown 
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(D) TOPOLOGY: Unknown 
(ii) MOLECULE TYPE: Peptide 
(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 61 

Lys He Gly He Gly He Leu Thr Val 
5 1 5 

(2) INFORMATION FOR SEQ ID NO: 62: 

(i) SEQUENCE CHARACTERISTICS- 

(A) LENGTH: 9 

(B) TYPE: amino acid 

in (c) STRANDEDNESS : Unknown 

(D) TOPOLOGY: Unknown 

(ii) MOLECULE TYPE: Peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 62: 

Trp Leu Gly He Gly He Leu Thr Val 
15 1 5 

(2) INFORMATION FOR SEQ ID NO: 63: 

(i) SEQUENCE CHARACTERISTICS- 

(A) LENGTH : 9 

(B) TYPE: amino acid 

(C) STRANDEDNESS: Unknown 

(D) TOPOLOGY: Unknown 



20 



(ii) MOLECULE TYPE: Peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 63- 

Phe Leu Gly He Gly He Leu Thr Val 
25 1 5 

(2) INFORMATION FOR SEQ ID NO: 64: 

(i) SEQUENCE CHARACTERISTICS- 

(A) LENGTH: 9 

(B) TYPE: amino acid 

(C) STRANDEDNESS: Unknown 
30 (D) TOPOLOGY: Unknown 

(ii) MOLECULE TYPE: Peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 64: 

Tyr Leu Gly lie Gly He Leu Thr Val 
1 ^ 



35 
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(2) INFORMATION FOR SEQ ID NO : 65: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 

(B) TYPE: amino acid 

(C) STRANDEDNESS : Unknown 

(D) TOPOLOGY: Unknown 

(ii) MOLECULE TYPE: Peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 65 

Ala Leu Trp lie Gly lie Leu Thr Val 
1 5 

(2) INFORMATION FOR SEQ ID NO: 66: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 

(B) TYPE: amino acid 

(C) STRANDEDNESS: Unknown 

(D) TOPOLOGY: Unknown 

(ii) MOLECULE TYPE: Peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 66 

Ala Leu Phe lie Gly lie Leu Thr Val 
1 5 

20 (2) INFORMATION FOR SEQ ID NO: 67: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 

(B) TYPE: amino acid 

(C) STRANDEDNESS: Unknown 

(D) TOPOLOGY: Unknown 

25 

(ii) MOLECULE TYPE: Peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 67: 

Ala Leu Tyr lie Gly lie Leu Thr Val 
1 5 

30 (2) INFORMATION FOR SEQ ID NO: 68: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 

(B) TYPE: amino acid 

( C ) STRANDEDNES S : Unknown 

(D) TOPOLOGY: Unknown 



35 



(ii) MOLECULE TYPE: Peptide 
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(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 68 

Lys Leu Trp Gly Gin Tyr Trp Gin Val 
1 5 

(2) INFORMATION FOR SEQ ID NO: 69: 

(i) SEQUENCE CHARACTERISTICS • 

(A) LENGTH: 9 

(B) TYPE : amino acid 

(C) STRANDEDNESS : Unknown 

(D) TOPOLOGY: Unknown 

(ii) MOLECULE TYPE: Peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 69: 

Lys Met Trp Gly Gin Tyr Trp Gin Val 

(2) INFORMATION FOR SEQ ID NO: 70: 

15 (i) SEQUENCE CHARACTERISTICS • 

(A) LENGTH: 9 

(B) TYPE: amino acid 

(C) STRANDEDNESS: Unknown 

(D) TOPOLOGY: Unknown 



(ii) MOLECULE TYPE: Peptide 
(xi) SEQUENCE DESCRIPTION : SEQ ID NO: 70 

Lys He Trp Gly Gin Tyr Trp Gin Val 

(2) INFORMATION FOR SEQ ID NO: 71 : 

25 (i > SEQUENCE CHARACTERISTICS- 

(A) LENGTH: 9 

(B) TYPE: amino acid 



(C) STRANDFnivnree . 

— — m 



30 (xi) 



D) TOPOLOGY: Unknown 
(ii) MOLECULE TYPE: Peptide 

SEQUENCE DESCRIPTION: SEQ ID NO: 71 



Trp Thr Trp Gly Gin Tyr Trp Gin Val 
1 5 

(2) INFORMATION FOR SEQ ID NO: 72: 

35 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 
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(B) TYPE: amino acid 

(C) STRANDEDNESS : Unknown 

(D) TOPOLOGY: Unknown 

(ii) MOLECULE TYPE: Peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 72 

Phe Thr Trp Gly Gin Tyr Trp Gin Val 
1 5 

(2) INFORMATION FOR SEQ ID NO: 73: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 

(B) TYPE: amino acid 

( C ) S TRANDEDNES S : Unknown 

(D) TOPOLOGY: Unknown 

(ii) MOLECULE TYPE: Peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 73 

Tyr Thr Trp Gly Gin Tyr Trp Gin Val 
1 5 

(2) INFORMATION FOR SEQ ID NO: 74: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 9 

20 (B) TYPE: amino acid 

(C) STRANDEDNESS: Unknown 

( D ) TOPOLOGY : Unknown 

(ii) MOLECULE TYPE: Peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 74: 

25 

Ala Thr Trp Gly Gin Tyr Trp Gin Val 
1 5 

(2) INFORMATION FOR SEQ ID NO: 75: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 9 

30 (B) TYPE: amino acid 

( C ) STRANDEDNESS : Unknown 

(D) TOPOLOGY: Unknown 

(ii) MOLECULE TYPE: Peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 75: 

35 
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Leu Thr Trp Gly Gin Tyr Trp Gin Val 

(2) INFORMATION FOR SEQ ID NO: 7S: 

(i) SEQUENCE CHARACTERISTICS • 

(A) LENGTH: 9 

(B) TYPE: amino acid 
!m STRANDEDNESS : Unknown 
(D) TOPOLOGY: Unknown 

(ii) MOLECULE TYPE: Peptide 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 76: 

Lys Thr Tyr Gly Gin Tyr Trp Gin Val 

(2) INFORMATION FOR SEQ ID NO: 77 : 

<i) SEQUENCE CHARACTERISTICS - 

(A) LENGTH: 9 
15 < B > TYPE: amino acid 

m! STRANDEDNESS : Unknown 
(D) TOPOLOGY: Unknown 

(ii) MOLECULE TYPE: Peptide 

SEQUENCE DESCRIPTION: SEQ ID NO: 77 : 



(xi) 



Lys Thr Phe Gly Gin Tyr Trp Gin Val 
1 5 



(2) INFORMATION FOR SEQ ID NO: 78: 

(i) SEQUENCE CHARACTERISTICS- 
(A) LENGTH: 9 

25 (B) TYPE: amino acid 

C) STRANDEDNESS : Unknown 
(D) TOPOLOGY: Unknown 

(ii) MOLECULE TYPE: Peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 78: 

Ala Leu Trp Gly Gin Tyr Trp Gin Val 



(2) INFORMATION FOR SEQ ID NO: 79 : 

(i) SEQUENCE CHARACTERISTICS- 

(A) LENGTH: 9 
35 (B > TYPE: amino acid 

(C) STRANDEDNESS: Unknown 
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(D) TOPOLOGY: Unknown 

(ii) MOLECULE TYPE: Peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 79 

Leu Leu Trp Gly Gin Tyr Tro Gin Val 
1 5 

(2) INFORMATION FOR SEQ ID NO: 80: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 

(B) TYPE: amino acid 

(C) STRANDEDNESS : Unknown 

(D) TOPOLOGY: Unknown 

(ii) MOLECULE TYPE: Peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 80: 

Trp Leu Trp Gly Gin Tyr Trp Gin Val 
1 5 

(2) INFORMATION FOR SEQ ID NO: 81: 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 

(B) TYPE: amino acid 

(C) STRANDEDNESS: Unknown 
20 (D) TOPOLOGY: Unknown 

(ii) MOLECULE TYPE: Peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 81 



Phe Leu Trp Gly Gin Tyr Trp Gin Val 
1 5 

(2) INFORMATION FOR SEQ ID NO: 82: 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 

(B) TYPE: amino acid 

(C) STRANDEDNESS: Unknown 
30 (D) TOPOLOGY: Unknown 

(ii) MOLECULE TYPE: Peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 82 



35 



Tyr Leu Trp Gly Gin Tyr Trp Gin Val 
1 5 
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(2) INFORMATION FOR SEQ ID NO: 83: 

(i) SEQUENCE CHARACTERISTICS • 

(A) LENGTH: 9 

(B) TYPE: amino acid 

(C) STRANDEDNESS: Unknown 

(D) TOPOLOGY: Unknown 

(ii) MOLECULE TYPE: Peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 83: 

He Leu Asp Gin Val Pro Phe Ser Val 
1 5 

(2) INFORMATION FOR SEQ ID NO: 84: 

(i) SEQUENCE CHARACTERISTICS • 

(A) LENGTH: 9 

(B) TYPE: amino acid 

(C) STRANDEDNESS: Unknown 

(D) TOPOLOGY: Unknown 

(ii) MOLECULE TYPE: Peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 84: 

He Met Asp Gin Val Pro Phe Ser Val 
1 5 

20 (2) INFORMATION FOR SEQ ID NO: 85: 

(i) SEQUENCE CHARACTERISTICS- 

(A) LENGTH: 9 

(B) TYPE: amino acid 

(C) STRANDEDNESS: Unknown 

(D) TOPOLOGY: Unknown 

(ii) MOLECULE TYPE: Peptide 

— — viwixciiwui; s>a\j ±u jmu : a 5 : 

He He Asp Gin Val Pro Phe Ser Val 
1 5 

30 (2) INFORMATION FOR SEQ ID NO: 86: 

(i) SEQUENCE CHARACTERISTICS - 

(A) LENGTH: 9 

(B) TYPE: amino acid 

(C) STRANDEDNESS: Unknown 

(D) TOPOLOGY: Unknown 



(ii) MOLECULE TYPE: Peptide 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 86 

Phe Thr Asp Gin Val Pro Phe Ser Val 
1 5 

(2) INFORMATION FOR SEQ ID NO: 87: 

5 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 

(B) TYPE: amino acid 

(C) STRANDEDNESS : Unknown 

(D) TOPOLOGY: Unknown 

(ii) MOLECULE TYPE: Peptide 

10 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 87 

Trp Thr Asd Gin Val Pro Phe Ser Val 
1 5 

(2) INFORMATION FOR SEQ ID NO : 88: 

15 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 

(B) TYPE: amino acid 

(C) STRANDEDNESS: Unknown 

(D) TOPOLOGY: Unknown 

(ii) MOLECULE TYPE: Peptide 

20 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 88: 

Tyr Thr Asp Gin Val Pro Phe Ser Val 
1 5 

(2) INFORMATION FOR SEQ ID NO: 89: 

25 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 

(B) TYPE: amino acid 

(C) STRANDEDNESS: Unknown 

(D) TOPOLOGY: Unknown 

(ii) MOLECULE TYPE: Peptide 

30 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 89: 

lie Thr Trp Gin Val Pro Phe Ser Val 
1 5 

(2) INFORMATION FOR SEQ ID NO: 90: 

(i) SEQUENCE CHARACTERISTICS: 

35 (A) LENGTH: 9 
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(B) TYPE: amino acid 
. C STRANDEDNESS : Unknown 
(D) TOPOLOGY: Unknown^ 

(ii) MOLECULE TYPE: Peptide 
5 (Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 90 

He Thr Phe Gin Val Pro Phe Ser Val 
1 5 

(2) INFORMATION FOR SEQ ID NO: 91 : 

(i) SEQUENCE CHARACTERISTICS • 
) (A) LENGTH: 9 

(B) TYPE: amino acid 

n ^^ DEDNESS: Unknown 
(D) TOPOLOGY: Unknown 

(ii) MOLECULE TYPE: Peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 91: 

He Thr Tyr Gin Val Pro Phe Ser Val 

5 

(2) INFORMATION FOR SEQ ID NO: 92: 

(i> SEQUENCE CHARACTERISTICS- 

(A) LENGTH: 9 

(B) TYPE: amino acid 

£ ^^ T3EDNESS •• Unknown 
(D) TOPOLOGY: Unknown 

(ii) MOLECULE TYPE: Peptide 
(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 92: 

He Thr Ala Gin Val Pro Phe Ser Val 

(2) INFORMATION FOR SEQ ID NO: 93 : 

(i) SEQUENCE CHARACTERISTICS- 

(A) LENGTH: 9 

(B) TYPE: amino acid 

C) STRANDEDNESS : Unknown 
(D) TOPOLOGY: Unknown 

(ii) MOLECULE TYPE: Peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 93: 
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lie Thr Met Gin Val Pro Phe Ser Val 
1 5 

(2) INFORMATION FOR SEQ ID NO: 94: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 9 

5 (B) TYPE: amino acid 

( C ) STRAND EDNESS : Unknown 

(D) TOPOLOGY: Unknown 

(ii) MOLECULE TYPE: Peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 94 

10 He Thr Ser Gin Val Pro Phe Ser Val 
1 5 

{2) INFORMATION FOR SEQ ID NO: 95: 



15 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 

(B) TYPE: amino acid 

(C) STRAND EDNESS : Unknown 

(D) TOPOLOGY: Unknown 

(ii) MOLECULE TYPE: Peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 95 

20 lie Leu Trp Gin Val Pro Phe Ser Val 
1 5 

(2) INFORMATION FOR SEQ ID NO: 96: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 

(B) TYPE: amino acid 

(C) STRANDEDNESS : Unknown 

(D) TOPOLOGY: Unknown 



25 



(ii) MOLECULE TYPE: Peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9 6 

30 He Leu Phe Gin Val Pro Phe Ser Val 
1 5 

(2) INFORMATION FOR SEQ ID NO: 97: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 

(B) TYPE: amino acid 

35 (C) STRANDEDNESS : Unknown 
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(D) TOPOLOGY: Unknown 
(ii) MOLECULE TYPE: Peptide 
(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 97: 

He Leu Tyr Gin Val Pro Phe Ser Val 

(2) INFORMATION FOR SEQ ID NO: 98: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 
JBJ TYPE: amino acid 
C STRANDEDNESS: Unknown 
TOPOLOGY: Unknot 

MOLECULE TYPE: Peptide 
SEQUENCE DESCRIPTION: SEQ ID NO: 98: 
He Leu Ala Gin Val Pro Phe Ser Val 

(2) INFORMATION FOR SEQ ID NO: 99 : 

(i) SEQUENCE CHARACTERISTICS - 
(A) LENGTH: 9 

JBJ TYPE: amino acid 
C STRANDEDNESS: Unknown 
TOPOLOGY: UnknowiT 

(ii) MOLECULE TYPE: Peptide 

<*±> SEQUENCE DESCRIPTION: SEQ ID NO: 9 9: 

He Leu Met Gin Val Pro Phe Ser Val 

(2) INFORMATION FOR SEQ ID NO: 100: 

(i> SEQUENCE CHARACTERISTICS- 

(A) LENGTH: 9 

C STRANDEDNESS : Unknown 
(D) TOPOLOGY: UnknowiT 

(ii) MOLECULE TYPE: Peptide 

^i) SEQUENCE DESCRIPTION: SEQ I D N0: 100: 

He Leu Ser Gin Val Pro Phe Ser Val 
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(2) INFORMATION FOR SEQ ID NO : 101: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 

(B) TYPE: amino acid 

(C) STRANDEDNESS : Unknown 

( D ) TOPOLOGY : Unknown 

(ii) MOLECULE TYPE: Peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 101 

Trp Leu Asp Gin Val Pro Phe Ser Val 
1 5 

(2) INFORMATION FOR SEQ ID NO: 102: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 

(B) TYPE: amino acid 

(C) STRANDEDNESS : Unknown 

(D) TOPOLOGY: Unknown 

(ii) MOLECULE TYPE: Peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 102: 

Phe Leu Asp Gin Val Pro Phe Ser Val 
1 5 

20 (2) INFORMATION FOR SEQ ID NO: 103: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 

(B) TYPE: amino acid 

(C) STRANDEDNESS: Unknown 

(D) TOPOLOGY: Unknown 

25 

(ii) MOLECULE TYPE: Peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 103: 

Tyr Leu Asp Gin Val Pro Phe Ser Val 
1 5 

30 (2) INFORMATION FOR SEQ ID NO: 104: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 

(B) TYPE: amino acid 

( C ) STRANDEDNESS : Unknown 

( D ) TOPOLOGY : Unknown 



35 



(ii) MOLECULE TYPE: Peptide 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 104: 

Tyr Leu Glu Pro Gly Pro Val Thr Val 
1 5 

(2) INFORMATION FOR SEQ ID NO: 105: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH : 9 

(B) TYPE: amino acid 

(C) STRANDEDNESS : Unknown 

(D) TOPOLOGY: Unknown 

(ii) MOLECULE TYPE: Peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 105: 

Tyr Leu Glu Pro Gly Pro Val Thr Leu 
1 5 

(2) INFORMATION FOR SEQ ID NO: 106: 

15 <*> SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 

(B) TYPE: amino acid 

(C) STRANDEDNESS: Unknown 

(D) TOPOLOGY: Unknown 

(ii) MOLECULE TYPE: Peptide 

20 (xi > SEQUENCE DESCRIPTION: SEQ ID NO: 106: 

Tyr Leu Glu Pro Gly Pro Val Thr lie 
1 5 

(2) INFORMATION FOR SEQ ID NO: 107: 

25 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 

(B) TYPE: amino acid 

(C) snjaMnnnwpoc . tt^i,- 

— — — • ~- w w , 

(D) TOPOLOGY: Unknown 
(ii) MOLECULE TYPE: Peptide 

30 < xi > SEQUENCE DESCRIPTION: SEQ ID NO: 107: 

Phe Leu Glu Pro Gly Pro Val Thr Ala 
1 5 

(2) INFORMATION FOR SEQ ID NO: 108: 

35 (i> SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 
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(B) TYPE: amino acid 

(C) STRANDEDNESS : Unknown 

(D) TOPOLOGY: Unknown 

(ii) MOLECULE TYPE: Peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 108 

Trp Leu Glu Pro Gly Pro Val Thr Ala 
1 5 

(2) INFORMATION FOR SEQ ID NO: 109: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 

(B) TYPE: amino acid 

(C) STRANDEDNESS: Unknown 

(D) TOPOLOGY: Unknown 

(ii) MOLECULE TYPE: Peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 109: 

Tyr Leu Tyr Pro Gly Pro Val Thr Ala 
1 5 

(2) INFORMATION FOR SEQ ID NO: 110: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 9 

20 (B) TYPE: amino acid 

(C) STRANDEDNESS: Unknown 

(D) TOPOLOGY: Unknown 

(ii) MOLECULE TYPE: Peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 110: 

25 

Tyr Leu Trp Pro Gly Pro Val Thr Ala 
1 5 

(2) INFORMATION FOR SEQ ID NO: 111: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 9 

30 (B) TYPE: amino acid 

(C) STRANDEDNESS: Unknown 

(D) TOPOLOGY: Unknown 

(ii) MOLECULE TYPE: Peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 111: 

35 
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Tyr Leu Phe Pro Gly Pro Val Thr Ala 
1 5 

(2) INFORMATION FOR SEQ ID NO: 112: 

(i) SEQUENCE CHARACTERISTICS • 

(A) LENGTH: 9 

(B) TYPE : amino acid 

(C) STRANDEDNESS : Unknown 

(D) TOPOLOGY: Unknown 

(ii) MOLECULE TYPE: Peptide 

(xi) SEQUENCE DESCRIPTION : SEQ ID NO: 112: 

Tyr Leu Met Pro Gly Pro Val Thr Ala 
1 5 

(2) INFORMATION FOR SEQ ID NO: 113: 

(i) SEQUENCE CHARACTERISTICS- 
(A) LENGTH: 9 

*5 (B) TYPE: amino acid 

(C) STRANDEDNESS : Unknown 

(D) TOPOLOGY: Unknown 

(ii) MOLECULE TYPE: Peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 113: 

Tyr Leu Ser Pro Gly Pro Val Thr Ala 
1 5 

(2) INFORMATION FOR SEQ ID NO: 114: 

(i) SEQUENCE CHARACTERISTICS - 
(A) LENGTH: 9 

25 (B) TYPE: amino acid 

(C) STRANDEDNESS: Unknown 

(D) TOPOLOGY: Unknown 

(ii) MOLECULE TYPE: Peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 114 : 

Tyr Leu Ala Pro Gly Pro Val Thr Ala 
1 5 

(2) INFORMATION FOR SEQ ID NO: 115: 

(i) SEQUENCE CHARACTERISTICS- 

(A) LENGTH: 9 
35 (B) TYPE: amino acid 

(C) STRANDEDNESS: Unknown 



20 



30 
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(D) TOPOLOGY: Unknown 
(ii) MOLECULE TYPE: Peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 115 

Tyr Leu Met Pro Gly Pro Val Thr Val 
5 1 5 

(2) INFORMATION FOR SEQ ID NO: 116: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 

(B) TYPE: amino acid 

(C) STRANDEDNESS: Unknown 
10 (D) TOPOLOGY: Unknown 

(ii) MOLECULE TYPE: Peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 116 



Tyr Leu Ser Pro Gly Pro Val Thr Val 
1 5 

(2) INFORMATION FOR SEQ ID NO: 117: 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 

(B) TYPE: amino acid 

(C) STRANDEDNESS: Unknown 
20 (D) TOPOLOGY: Unknown 

(ii) MOLECULE TYPE: Peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 117 



Tyr Leu Ala Pro Gly Pro Val Thr Val 
1 5 

(2) INFORMATION FOR SEQ ID NO: 118: 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 

(B) TYPE: amino acid 

(C) STRANDEDNESS: Unknown 
30 ( D ) TOPOLOGY : Unknown 

'(ii) MOLECULE TYPE: Peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 118 



35 



Tyr Leu Tyr Pro Gly Pro Val Thr Val 
1 5 
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(2) INFORMATION FOR SEQ ID NO: 119 : 

(i) SEQUENCE CHARACTERISTICS- 

(A) LENGTH: 9 

(B) TYPE: amino acid 

(C) STRANDEDNESS : Unknown 

(D) TOPOLOGY: Unknown 

(ii) MOLECULE TYPE: Peptide 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 119 

Tyr Leu Phe Pro Gly Pro Val Thr Val 
1 5 

(2) INFORMATION FOR SEQ ID NO: 120: 

(i) SEQUENCE CHARACTERISTICS- 

(A) LENGTH: 9 

(B) TYPE: amino acid 

(C) STRANDEDNESS: Unknown 
15 (D) TOPOLOGY: Unknown 

(ii) MOLECULE TYPE: Peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 120: 

Tyr Leu Trp Pro Gly Pro Val Thr Val 

X c 



5 

(2) INFORMATION FOR SEQ ID NO: 121: 



(l) SEQUENCE CHARACTERISTICS- 

(A) LENGTH: 661 

(B) TYPE: amino acid 

(C) STRANDEDNESS: Unknown 
25 (D) TOPOLOGY: Unknown 

(ii) MOLECULE TYPE: Protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 121: 



Met Asp Leu Val Leu Lys Arg Cys Leu Leu His Leu 

5 t n 



Ala Val lie Gly Ala Leu Leu Ala Val Gly Ala Thr 
Lys Val Pro Arg Asn Gin Asp Tr^ Leu Gly val Ser 
Arg Gin Leu Arg Thr Lys Ala Trp Asn Arg Gin Leu 

35 ^ P f° Glu Tr P Tilr Glu Ala Gin Ar| Leu Asp Cys 

55 60 
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Trp Arg 

Asp Gly 

Ser He 

85 
Leu Pro 

5 

He He 
110 
Val Tyr 

Pro Asp 

Gin Lys 
145 

Gly Gin 

Gly Leu 
170 
Thr His 

Gly Ser 

Ser Ala 
205 

Val Ser 

Asn Lys 
230 
Ala Leu 

Glu Ala 

Ser Ser 
260 

Thr His 

Gin Val 
285 
Cys Gly 

His Arg 

Gly Gin 
320 

Pro Gly 

Thr Ser 
345 
Thr Ala 

Gly Met 



Gly Gly 

Pro Thr 
75 

Ala Leu 

Asp Gly 
100 
Asn Gly 

Pro Gin 

Gly Gly 
135 

Arg Ser 

Tyr Trp 
160 
Ser He 

Thr Met 

Arg Ser 
195 

Phe Thr 

Val Ser 
220 
His Phe 

Gin Leu 

Asp Leu 
255 

Gly Thr 

Thr Tyr 
275 
Val Leu 

Ser Ser 

Pro Thr 
310 

Val Pro 

Gin Ala 
335 
Val Gin 

Pro Val 

Thr Pro 
370 



Gin Val 

65 
Leu He 

Asn Phe 
90 

Gin Val 

Ser Gin 

Glu Thr 
125 

Pro Cys 

Phe Val 
150 
Gin Val 

Gly Tar 

Glu Val 
185 

Tyr Val 

He Thr 
210 
Gin Leu 

Leu Arg 

His Asp 
245 

Ser Tyr 

Leu lie 
265 
Leu Glu 

Gin Ala 

Pro Val 
300 

Ala Glu 

Thr Thr 
325 
Pro Thr 

Val Pro 

Gin Met 
360 

Glu Lys 
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Ser Leu 

Gly Ala 
80 

Pro Gly 

lie Trp 

Val Trp 
115 

Asp Asp 

Pro Ser 
140 
Tyr Val 

Leu Gly 

Gly Arg 
175 

Thr Val 

Pro Leu 
200 
Asp Gin 

Arg Ala 

Asn Gin 
235 

Pro Ser 

Thr Trp 
260 
Ser Arg 

Pro Gly 

Ala lie 
290 

Pro Gly 

Ala Pro 
315 
Glu Val 

Ala Glu 

Thr Thr 
350 

Pro Thr 

Val Pro 
375 



Lys Val 
70 

Asn Ala 

Ser Gin 

Val Asn 
105 

Gly Gly 

Ala Cys 
130 
Gly Ser 

Trp Lys 

Gly Pro 
165 

Ala Met 

Tyr His 
190 
Ala His 

Val Pro 

Leu Asp 
225 

Pro Leu 

Gly Tyr 
250 
Asp Phe 

Ala Leu 

Pro Val 
280 

Pro Leu 

Thr Thr 
305 
Asn Thr 

Val Gly 

Pro Ser 
340 

Glu Val 

Ala Glu 
365 
Val Ser 



Ser Asn 

Ser Phe 

Lys Val 

95 
Asn Thr 

Gin Pro 
120 
He Phe 

Trp Ser 

Thr Trp 
155 

Val Ser 

Leu Gly 
180 
Arg Arg 

Ser Ser 

Phe Ser 
215 

Gly Gly 

Thr Phe 
240 
Leu Ala 

Gly Asp 

Val Val 
270 

Thr Ala 

Thr Ser 
295 
Asp Gly 

Thr Ala 

Thr Thr 
330 

Gly Thr 

He Ser 
355 
Ser Thr 

Glu Val 
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Met Gly Thr Thr Leu Ala Glu Met Ser Thr Pro Glu 

3 85 ~ — 



Ala Thr Gly Met Thr Pro Ala Glu Val Ser He Val 



395 



Val Leu Ser Gly Th r Thr Ala Ala Gin Val Thr Thr 



400 

Ala 

Thr Glu Tr p Val Glu Thr Thr Ala Arg Glu Leu Pro 
He Pro Glu Pro Glu Gly Pro Asp Ala Ser Ser He 
Met ser Thr Glu Ser lie Thr Gly Ser Leu Gly Pro 
Leu Leu Asp Gly Thr All Thr Leu Arg Leu H°i L ys 
Arg Gin Val Pro Leu Asp Cys Val tin Tyr Arg Tyr 
Gly Ser Phe Ser Val Thr LeS Asp lie val Gin Gly 



He Glu Ser Ala gIu He Leu Gin Ala Vai° Pro Ser 



495 



Gly Glu Gly Asp Ala Phe Glu LeS Thr Val Ser Cys 
Gin Gly Gly Leu Pro Lys Glu Ala Cys Met G^u He 
Ser Ser Pro Gly Cys Gin Pro Pro IS Gin Arg Leu 
Cys Gin Pro Val Leu Pro ler Pro Ala Cys Gin Leu" 
Val Leu His Gin He Leu Lys Gly Gly tlr Gly Thr 
Tyr Cys Leu Asn Val Ser Leu j££ Asp Thr Asn Ser 
Leu Ala Val Val Ser Thr Gin Leu He Met Pro Gly 
Gin Glu Ala Gly Leu Gly Gin Val Pro Leu He Val 
Gly He Leu Leu Val Leu Met Ala Val Val Leu H° a 
Ser Leu lie Tyr Arg Arg Arg Leu Met Lys Gin Asp 

Phe Ser Val Pro Gin t.o„ £?° 

625 "■■>■* stir ser ser His 



630 



Trp Leu Arg Leu Pro Arg" He Phe Cys Ser "s Pro 



640 



He Gly Glu Asn Ser Pro Leu Leu Ser Gly Gin Gin 
Val 655 660 



(2) INFORMATION FOR SEQ. ID NO: 122: 

(i) SEQUENCE CHARACTERISTICS • 

(A) LENGTH: 9 

(B) TYPE: amino acid 



WO 95/29193 




PCT7US95/05063 



- 158 - 

o 

( C ) STRANDEDNESS : Unknown 

( D ) TOPOLOGY : Unknown 

(ii) MOLECULE TYPE: Peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 122: 

5 Xaa Xaa Xaa lie Gly lie Leu Thr Xaa 
1 5 



(2) INFORMATION FOR SEQ ID NO: 123: 

SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 

(B) TYPE: amino acid 

(C) STRANDEDNESS: Unknown 

(D) TOPOLOGY: Unknown 

(ii) MOLECULE TYPE: Peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 123: 

Xaa Xaa Xaa Gly Gin Tyr Trp Gin Xaa 
1 5 



(2) INFORMATION FOR SEQ ID NO: 124: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 

(B) TYPE: amino acid 

(C) STRANDEDNESS: Unknown 

( D ) TOPOLOGY : Unknown 

(ii) MOLECULE TYPE: Peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 124: 

Xaa Xaa Xaa Gin Val Pro Phe Ser Xaa 
1 5 



(2) INFORMATION FOR SEQ ID NO: 125: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 

(B) TYPE: amino acid 

( C ) STRANDEDNESS : Unknown 

( D ) TOPOLOGY : Unknown 

(ii) MOLECULE TYPE: Peptide 



(i) 



10 



(xi) 



SEQUENCE DESCRIPTION: SEQ ID NO: 125: 
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Xaa Xaa Xaa Pro Gly Pro Val Thr Xaa 
1 5 

(2) INFORMATION FOR SEQ ID NO: 126: 



SEQUENCE CHARACTERISTICS • 

(A) LENGTH: 10 

(B) TYPE: amino acid 

(C) STRANDEDNESS : Unknown 

(D) TOPOLOGY: Unknown 



(ii) MOLECULE TYPE: Peptide 

(3Ci) SEQUENCE DESCRIPTION: SEQ ID NO: 12S: 



10 



Phe Leu Pro 
1 



Ser Asp Tyr Phe Pro Ser Val 
5 10 



15 



20 



25 



30 



35 
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CLAIMS : 



1. An isolated nucleic acid sequence encoding MART- 1 . 

2 . The nucleic acid sequence of claim 1 having the 
^ sequence shown in Figure 1 (SEQ ID NO: 1) . 

3 . The nucleic acid sequence of claim 1 wherein said 
sequence is an allelic variation of the sequence shown in 
Figure 1 (SEQ ID NO: 1) . 

10 

4. The nucleic acid sequence of claim 1 wherein said 
sequence is a homolog of the sequence shown in Figure 1 
(SEQ ID NO: 1) . 

15 5 - Th e nucleic acid sequence of claim l wherein said 

sequence is a variant of the sequence in Figure 1 (SEQ ID 
NO: 1) . 



6 . A recombinant protein 
20 sequence of claim 1. 

7 . A recombinant protein 
sequence of claim 2. 

25 8 . A recombinant protein 
sequence of claim 3 . 

9 . A recombinant protein 
sequence of claim 4. 

30 

10. A recombinant protein 
sequence of claim 5. 

35 



encoded by the nucleic acid 



encoded by the nucleic acid 



encoded by the nucleic acid 



encoded by the nucleic acid 



encoded by the nucleic acid 
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11. An isolated and purified protein comprising the amino 
acid sequence shown in Figure 1 (SEQ ID NO: 2) or a 
substantially homologous sequence thereof. 

12. A peptide having the sequence AAGIGILTV (SEQ id NO- 
4), EAAGIGILTV (SEQ ID NO: 17), or AAGIGILTVI (SEQ ID NO- 
18) . 



13. A method of producing the recombinant protein, 
according to claim 1, comprising: 

(a) inserting the nucleic acid sequence shown in 
Figure 1 (SEQ ID NO: l) sequence into an 
expression vector; 

(b) transferring the expression vector into a host 
cell; 

(c) culturing the host organism under conditions 
appropriate for aznplif ication of the vector and 
expression of the protein; and 

(d) harvesting the protein. 

14. The method of claim 13, wherein the expression vector 
is a eukaryotic expression vector or prokaryotic 
expression vector. 

15. The method of claim 13, wherein the expression vector 
25 is a baculovirus vector. 

16. The method of claim 13, wherein the host cell is a 
eukaryotic cell or prokaryotic cell. 



35 



17. The method of claim 13, wherein the eukaryotic cell 
is an insect cell. 

18. A recombinant expression vector comprising all or 
part of the nucleic acid sequence of claim 1." 
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19. A host organism transformed or transfected with the 
recombinant expression vector according to claim 18 in a 
manner to allow expression of said protein encoded by said 
recombinant expression vector. 

^ 20. Antibodies reactive with the protein according to 
claim 11 or portions thereof. 

21. The antibodies of claim 2 0 wherein said antibodies 
are monoclonal. 

10 

22. The antibodies of claim 2 0 wherein said antibodies 
are polyclonal. 



23, A method for detecting MART - 1 messenger RNA in a 
15 biological sample comprising the steps of: 

(a) contacting all or part of the nucleic acid 
sequence shown in Figure 1 (SEQ ID N0:1) with 
said biological sample under conditions allowing 

20 a complex to form between said nucleic acid 

sequence and said messenger RNA 

(b) detecting said complexes; and 

(c) determining the level of said messenger RNA. 

25 24. The method of claim 23 wherein said sample is 

selected from the group consisting of mammalian tissues, 
mammalian cells, necropsy samples, pathology samples and 
biopsy samples. 

30 25. The method of claim 24 wherein said biological sample 
is from a mammal afflicted with a disease state. 

26. The method of claim 25 wherein said determination of 
said level of said mRNA is used to diagnose, assess or 
35 prognose the disease state. 
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27. The method of claim 26 wherein said biological 

« from a mammal afflicted with n,oi 0l °l°Sical sample 

melanoma. * melanoma °^ metastatic 

28. A method of detecting Mart-i protein in a bim ■ 
sample comprising the steps of: ^logical 

<*> contacting a reagent which specifically reacts 

TlJr S ! C ° mPleX With Said Pr0tein - said 

sample; and 

<W detecting che £onMcion Qf 

said protein and said reagent. 



* lected :;™l° f Claim ^ " herein I- 

-^iLn C eT ls ne 9 I° UP C ° nSiSCin9 — li « 
« WW .Lples SamPleS " PaCh0l °^ «d 

30. The method of claim 28 wherein «,„i„ 
antibody or fragment thereof. 

20 Ion T S meCh ° d ° f Claim 28 -agent is 

monoclonal antibody. «*gent is 

32. The method of claim on 

rv-o, , claim 2 8 wherein said reagent is * 

polyclonal antibody. 3 nC ls a 

5 

33. The method of claim 2 8 wherein k- , • 
i. . wnerein said biological samni_ 

wu. a Uitimnax afflicted with a disease state. ~~~~~ 



30 



35 



34. The method of claim 28 wherein * * 

said level of ein said ^termination of 

P ~ rd^r:::::. 1 * used co di — — ■ « 
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36. A method of detecting MART-l genomic nucleic acid 
sequences in a biological sample comprising the steps of: 

(a) contacting all or part of the nucleic acid 
sequence shown in Figure 1 (SEQ ID N0:1) with a 
biological sample under condition to allow 
complexes to form between said nucleic acid 
sequence and said genomic DNA sequences; and 

(b) determining alterations in said genomic 
sequence . 

37. The method of claim 36 wherein said alteration is a 
deletion, substitution, addition or amplification of said 
genomic DNA sequences . 

38. An immunogenic peptide having contiguous amino acids 
derived from the MART- 1 sequence {SEQ ID NO: 2) or analogs 
thereof . 

39. The immunogenic peptides of claim 38 wherein such 
peptides are at least about 9 to 10 amino acids in length. 

40. The immunogenic peptide of claim 38 where said 
peptide has the sequence selected from the group 
consisting of (i) AAGIGILTV (SEQ ID NO: 4), (ii) 
EAAGIGILTV (SEQ ID NO: 17) , (iii) AAGIGILTVI (SEQ ID NO: 
18) and an analog of any one (i) - (iii) . 

41. The peptide of claim 41, wherein said peptide is 
AAGIGILTV. 

42. The immunogenic peptide of claim 38, wherein said 
peptide sequence contains at least one amino acid 
modification of said MART- 1 sequence to enhance binding of 
peptide to an MHC molecule. 

43. The immunogenic peptides of claim 42 wherein such 
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peptides are at least about 9 to 10 amino acids in length. 

44. The peptide of claim 42, wherein said modification 
includes at least one amino acid substitution in said 
peptide sequence. 

45 . The peptide of claim 44 , wherein said amino acid 
substitution is located at a position selected from the 
group consisting of: (i) the first position, (ii) the 
second position, (iii) the third position, (iv , the ninth 
posxtzon, (v) tenth position and (vi) combinations of at 
least two of (i) - (v) in tne seguence of the peptide 



46. The peptide of claim 45, wherein said amino acid 
substitution are located at the second and ninth 
positions . 

47. An immunogenic peptide having the formula X,X 2 X 3 IGILTX< 
wherein: 

X, may be any amino acid; 

X, may be any hydrophobic aliphatic amino acid; 
X 3 may be any amino acid; and 

X 4 may be any hydrophobic aliphatic amino acid. 

48. The peptide of claim 47 wherein X, is selected from 

the group consisting of methionine, leucine, alanine 

glycine, threonine, isoleucine, tyrosine, valine 

tryptophan, phenylalanine, serine, lysine or aspartic 
acid. 



30 49. The peptide of claim 47 wherein X 2 is selected f 
the group consisting of methionine, leucine, alanine, 
glycine, isoleucine, valine or threonine. 



rom 



50. The peptide of claim 47 wherein X 3 is selected from 
the group consisting of methionine, leucine, alanine, 
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glycine, threonine, isoleucine, tyrosine, valine, 
tryptophan, phenylalanine, lysine, serine or aspartic 
acid. 

51. The peptide of claim 47 wherein X 4 is selected from 
the group consisting of methionine, leucine, alanine, 
glycine, isoleucine, valine or threonine. 

52. The peptide of claim 47 wherein said peptide has a 
sequence shown in Table 14 . 

53. An immunogenic peptide having contiguous amino acids 
derived from a gplOO sequence. 

54. The immunogenic peptide of claim 53 wherein said 
peptide is at least about 9 to 10 amino acids in length. 

55 . The immunogenic peptide of claim 54 wherein the 
peptide is selected from the group consisting of 
LLDGTATLRL (SEQ ID NO : 33), VLYRYGSFSV (SEQ ID NO : 34), 
VLKRCLLHL (SEQ ID NO: 36), ALDGGNKHFL (SEQ ID NO: 35), - 
VLPSPACQLV (SEQ ID NO: 37), YLEPGPVTA (SEQ ID NO : 40), 
SLADTNSLAV (SEQ ID NO: 38), SVSVSQLRA (SEQ ID NO : 3 9 ) , 
LNVSLADTN (SEQ ID NO:41), KTWGQYWQV (SEQ ID NO:46), 
KTWGQYWQVL (SEQ ID NO:47), ITDQVPFSV (SEQ ID N0:48) and 
TITDQVPFSV (SEQ ID NO: 49) . 

56. The immunogenic peptide of claims 53, 54 or 55 
wherein said peptide contains at least one amino acid 
modification of said gplOO sequence. 

57. The peptide of claim 56, wherein said modification 
includes at least one amino acid substitution in said 
peptide sequence. 

58. The peptide of claim 56, wherein said amino acid 
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substitution is located at a position selected from the 
group consisting of: (i) the firsc position, Ui) the 
second position, (iii) the third position< (±v) the 

position, (v) tenth position and (vi) combinations of at 
least two of (i) - (v) in the sequence Qf thg peptide> 

59. An immunogenic peptide having the a formula selected 

fxTp™lT OUP C ° nSiSting ° f X .WQYWQX 4 , Xl X 2 X 3 QVPFSX 4 and 
X^XjPGPVTX,, wherein: 

X, is any amino acid; 

X 2 is any hydrophobic aliphatic amino acid; 

X 3 is any amino acid; and 

X 4 is a hydrophobic aliphatic amino acid. 

60. The peptide of claim 59 wherein the amino acid for x 
x. selected from the group consisting of methionine 
leucine, alanine, glycine, threonine, isoleucine, valine 
tyrosine, serine, tryptophan, phenylalanine, serine 
lysine or aspartic acid. 

61. The peptide of claim 59 wherein X 2 is selected from 
the group consisting of methionine, leucine, alanine 
glycine, isoleucine, valine or threonine. 

62. The peptide of claim 59 wherein X 3 is selected from 

the group consisting of methionine, leucine, alanine 

glycine, threonine, isoleucine, tyrosine, valine 

tryptophan, phenylalanine, serine, lysine or aspartic 
acid. 

63. The peptide of claim 59 wherein X 4 i s selected from 
the group consisting of methionine, leucine, alanine 
glycine, isoleucine, valine or threonine. 

64. The immunogenic peptide of any of claims 38, 47 53 
or 59 wherein said peptide is recognized by HLA-A2 
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restricted tumor infiltrating lymphocyte. 

65. The immunogenic peptide of any one of claims 38, 47, 
53 or 59 wherein said peptide is a native, synthetic or 
recombinant peptide. 

66. A pharmaceutical composition comprising the 
recombinant proteins of claim 6 and an acceptable 
excipient, diluent or carrier. 

67. A method of preventing or treating melanoma 
comprising administering the pharmaceutical composition of 
claim 66 to a mammal in an effective amount to stimulate 
the production of protective antibodies or immune cells. 

68. A vaccine for immunizing a mammal comprising a 
recombinant protein according to claim 66 in a 
pharmacologically acceptable carrier. 

69. A pharmaceutical composition comprising the peptides 
of any one of claims 38, 47, 53 or 59 and an acceptable 
excipient, diluent or carrier. 

70. A method of preventing or treating melanoma 
comprising administering the pharmaceutical composition of 
claim 69 to a mammal in an effective amount to stimulate 
the production of protective antibodies or immune cells. 

71. A vaccine for immunizing a mammal comprising a 
peptide according to any one of claims 38, 47, 53 or 59 in 
a pharmacologically acceptable carrier. 

72. A purified and isolated nucleic acid sequence 
encoding a peptide according to any one of claims 38, 47, 
53 or 59 . 
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73. A recombinant expression vector comprising at least 
one nucleic acid sequence of any one of claim 73. 

74. The vector of claim 73, wherein the expression vector 
is a eukaryotic expression vector or prokaryotic 
expression vector. 

75. A host organism transformed or transfected with the 
recombinant expression vector according to claim 74 in a 
manner to allow expression of said protein encoded by said 
recombinant expression vector. 

76. Antibodies reac-.ive with the immunogenic peptide 
according to claims ?. 3 , 47, 53 or 59. 

77. The antibodies of claim 76 wherein said antibodies 
are monoclonal. 

78. The antibodies of claim 76 wherein said antibodies 
are polyclonal . 



25 



79. A method of identifying genes encoding melanoma 
antigens using tumor infiltrating lymphocytes (TIL) , said 
method comprising the following steps: 

(a) isolating tumor infiltrating lymphocytes from a 
tumor from a mammal afflicted with melanoma; 

(b) introducing a melanoma cDNA library into a 
mammalian cell line; 

(c) exposing said mammalian cells (from step 5) to 
said TIL; 

30 (d) screening for expression of an antigen encoded 

by said cDNA in said mammalian cells recognized 
by said TIL; and 

(e) isolating said cDNA corresponding to said 
antigen. 

35 
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80. The method of claim 79 
are selected from the group 
or COS 7 cells. 
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wherein said cells in step (b) 
consisting of tumor cell lines 



81. A method for assessing immunogenicity of peptides 
^ derived from amino acid sequences of a MART- 1 protein 

having the sequence (Figure 1; SEQ ID NO: 2) or a gplOO 
protein having the sequence (Figure 5A; SEQ ID NO: 27 or 
Figure 71; (SEQ ID NO: 121) said method comprising the 
steps of: 

*® < a > preparing a plurality of peptides based on the 

MART- 1 or gplOO amino acid sequence; 

(b) incubating at least one of said peptides with a 
mammalian cell line; 

(c) exposing said mammalian cells incubated with 
^ said peptide to tumor infiltrating lymphocytes 

(TIL) ; and 

(d) screening for recognition of TIL with said cells 
incubated with said peptide . 

20 82. The method of claims 81 wherein said peptides in step 
(a) are about 9 to 10 amino acids. 

83. The method of claim 81 wherein said cells in step (b) 
are selected from the group of COS cells, T2 cells, or EBV 

25 transformed B cell lines. 

84 . A purified and isolated nucleic acid sequence 
encoding a peptide comprising at least about 8 contiguous 
amino acids, said peptide being derived from the MART- 1 

30 sequence (Figure 1; SEQ ID NO: 2) or a gplOO sequence said 
peptide being reactive to tumor infiltrating lymphocytes 
(TIL) . 



35 



85. A recombinant expression vector comprising at least 
one nucleic acid sequence of claim 84. 
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86. The use of the immunogenic peptides of claims 38, 47, 
53, or 59 in the manufacture of a medicament. 

87. The use of the immunogenic peptides of claims 38, 47, 
53, or 59 in the treatment or prevention of melanoma. 

88. The use of the recombinant expression vectors of 
claims 10, 73, or 84 in the manufacture of a medicament. 

89. The use of the recombinant expression vectors of 
claims 18, 73, or 84 in the treatment or prevention of 
melanoma . 

90 . The use of the nucleic acid sequences of claims 1 to 
73 in the manufacture of a medicament. 

91. The use of the nucleic and sequences of claims 1 or 
73 in the treatment or prevention of melanoma. 
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FIG. 4A 



GTCGACGGCC ATTACCAATC GCGACCGGGA AGAACACAAT 40 
GGATCTGGTG CTAAAAAGAT GCCTTCTTCA TTTG GC TGTG 80 
ATAGGTGCTT TGCTGGCTGT GGGGGCTACA AAAGTACCCA 120 
GAAACCAGGA CTGGCTTGGT GTCTCAAGGC AACTCAGAAC 160 
CAAAGCCTGG AACAGGCAGC TGTATCCAGA GTGGACAGAA 2 00 
GCCCAGAGAC TTGACTGCTG GAGAGGTGGT CAAGTGTCCC 240 
TCAAGGTCAG TAATGATGGG CCTACACTGA TTGGTGCAAA 280 
TGCCTCCTTC TCTATTGCCT TGAACTTCCC TGGAAGCCAA 320 
AAGGTATTGC CAGATGGGCA GGTTATCTGG GTCAACAATA 3 60 
CCATCATCAA TGGGAGCCAG GTGTGGGGAG GACAGCCAGT 400 
GTATCCCCAG GAAACTGACG ATGCCTGCAT CTTCCCTGAT 440 
GGTGGACCTT GCCCATCTGG CTCTTGGTCT CAGAAGAGAA 480 
GCTTTGTTTA TGTCTGGAAG ACCTGGGGCC AATACTGGCA 520 
ATTTCTAGGG GGCCCAGTGT CTGGGCTGAG CATTGGGACA 560 
GGCAGGGCAA TGCTGGGCAC ACACACCATG GAAGTGACTG 600 
TCTACCATCG CCGGGGATCC CGGAGCTATG TGCCTCTTGC 640 
TCATTCCAGC TCAGCCTTCA CCATTACTGA CCAGGTGCCT 680 
TTCTCCGTGA GCGTGTCCCA GTTGCGGGCC TTGGATGGAG 720 
GGAACAAGCA CTTCCTGAGA AATCAGCCTC TGACCTTTGC 760 
CCTCCAGCTC CATGACCCCA GTGGCTATCT GGCTGAAGCT 800 
GACCTCTCCT ACACCTGGGA CTTTGGAGAC AGTAGTGGAA 84 0 
CCCTGATCTC TCGGGCACTT GTGGTCACTC ATACTTACCT 880 
GGAGCCTGGC CCAGxCACTG CCCAGGTGGT CCTGCAGGCT 920 
GCCATTCCTC TCACCTCCTG TGGCTCCTCC CCAGTTCCAG 960 
GCACCACAGA TGGGCACAGG CCAACTGCAG AGGCCCCTAA 1000 
CACCACAGCT GGCCAAGTGC CTACTACAGA AGTTGTGGGT 1040 
ACTACACCTG GTCAGGCGCG AACTGCAGAG CCCTCTGGAA 1080 
CCACATCTGT GCAGGTGCCA ACCACTGAAG TCATAAGCAC 1120 
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FIG. 4B 
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FIG. 5A 

MDLVLKRCLL HL AVI GALL A VGATKVPRNQ DWLGVSRQLR TKAWNRQLYP 
EWTEAQRLDC WRGGQVSLKV SNDGPTLIGA NASFSIALNF PGSQKVLPDG 
QVIWVNNTII NGSQvWGGQP VYPQETDDAC IFPDGGPCPS GSWSQKRSFV 
YVWKTWGQYW QFLGGPVSGL SIGTGRAMLG THTMEVTVYH RRGSRSYVPL 
AHSSSAFTIT DQVPFSVSVS QLRALDGGNK HFLRNQPLTF ALQLHDPSGY 
LAEADLSYTW DFGDSSGTLI SRALWTHTY LEPGPVTAQV VLQAAIPLTS 
CGSSPVPGTT DGHRPTAEAP NTTAGQVPTT EWGTTPGQA PTAEPSGTTS 
VQVPTTEVIS TAPVQMPTAE STGMTPEKVP VSEVMGTTLA EMSTPEATGM 
TPAEVSIWL SGTTAAQVTT TEWETTARE LPIPEPEGPD ASSIMSTESI 
TGSLGPLLDG TATLRLVKRQ VPLDCVLYRY GSFSVTLDIV QGIESAEILQ 
AVPSGEGDAF ELTVSCQGGL PKEACMEISS PGCQPPAQRL CQPVLPSPAC 
QLVLHQILKG GSGTYCLNVS LADTNS LAW STQLIMPGQE AGLGQVPLIV 
GILLVLMAW LASLIYRRRL MKQDFSVPQL PHSSSHWLRL PRIFCSCPIG 
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FIG. 6A 
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FIG. 7B 
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FIG. 8B 
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